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JjlauJI^ 4_txu j! t4_j^ISJI Jiiuh ctJ^La 4 _uj^i_Lq 3 ^jjx II ^jLl jjj 1 

3 4_3l 11I jj2kl ^jl pLj_i_aJlj pLuo-^JI (3 L)-q Jjl Ll^ ^jjjJJI 4 jtLujj^s 

. I X 11 4_uj1jJ 


S*3i cJ^j'j^ 




jjjJug jSmiii 


j. 0 S ç. 

i_)L\5L1I ^Lo_i| (3 L1 jjc.Llu (jjJJI 1 ^ '~>*^l (J^-l Lil La jc. ^jc. t-jj-su (jl i_x, 


. d \ C-1 \ l»> 


L>* 


UT^ 


l£-1 (SJi^ jt j^ ‘LS^-^-jr-jb jA£-“^-£ ■Aj* ‘<jr^J^ ur“j ‘rJ*J-?J 


■o* 


(Jjl jl^ (^jJI^ 4 jl^-ij-ol d lCl“i i>l_uj 4.1-s-o J LLxLoj J-o£. (_£»UI 4jijjLj*. jjjLo 
jJjL mj j*2 u jlj ^j-oj (jl ^jrLsl jvj*. dLl4i_jl_i^JI Ijjfc jjfl ^ J| C.w*vsl ^jJI 4-lLojlJI Ijj 

.5jli-ll ^oj JC. x__sJj_L IJOC. j LuO jjIjj j^-m 
(j\-3j| (J LijjiUl^ 4-3 CqL-S- 1 <3IJL*j ^ l^ (_^U1 4 jLoIjLs Jjl n~\ \j J^ljJI ji-Lul Lo5x 

.^.L^J jLl Lollj IjJ-uO-o 

4(jA_Sjl (J LljjiUl^ 4_3CoLj*. j-O J->Lo JjLljLoj jjlLi jjjjLo J-X jLl /nLll UJl^ j^-uul 

io° <^1 Jj^j ‘^jj^jj ‘j-°jj^- cj“l j^l$ ‘ jjj* -j^jj SHLublj 

4 JXL ll l^_ )JJ*.J 4 jrLuJjjJ J^-jLoJ 4 dlJJ_2 JJJ_1_U J SllLujjllj 4 j LwuJJ J j J\_uU Ojjl 4_3 L_oL^. 

j-Lllj ‘jjb^ u^l 0^9-j *jjjb i J^; 1 j=j ‘jb-° ç^- 5 l?1 ^j^jjj 

J1 Ixa ij^j JjLijJi LuujjLj j-o jL^j 4 4 -loj5L~s_ 11 (_£jjjj-o JI j\ \ <t i 4_3 l_o L^. j_o J dim jl 
j-O d-ljJi.j! 4 . l-Lr^ill I 4_^_1 l_ 3 t_L I (3 (J Lo^jJcLuil (_£jjjj-0 JIj-M UJ 4 _ 3 l_oLj 2 ». j-O Çjjl J ll u) 
4 Jj 0 11 jjjllc. j-o JjJjJI J-C. ^ jLal (_^U1 jlljjJ J^-jLoj 4 4jjj!l (_jLi5Lll 4_laji^s-o 

.^.L^^jjjI^ ijjjJjLluj jj_fljj Jjj\_luj 

j-C. Lojlj -\ Z U (_^UI 4 jlo-LU JJJjJJJ^. ^jljjJ-flJI jSLlU I jl 4JJJJ (>K-llji ^ljl Jjl 
jj_Lo jJJJj-U J-C. (_^U 4—3t \-S. nil JU (j-O «JjJj ^JLjlJI J-3LJb-J ^^jJI 6jUS_uU I Ç-Lj_ujj!l)) ^_g_3 
Lojl^si ni O 4(jJ jiU-3lJI jjiJI CjLjJJjLoJ (J (j\_Sj| (J LlJjjjjJ4_3t_oLji. J L.llc. JjLluIj J 





SLlUI^ pl_jjj_flJI (j \_j j)^Jaj^>j fcl^^j^jJI 4_jJJa ^J-Xrvl 4 _j£.^jJI (j-o 4 _jjLj^_l 3 IjLiJI 
^L^J'JJ ljj-uo-o i jañJj-ijJ t l_iUjj tLmj^jlj (JJij tdJj j)-Q ^-&l^ .4 _jJ-cl*JI 

.6l_j| çi ^ *\ qI jjl v.\SLc\.\ (_^JJI j^aJI jJ-Sj^JLlujj 

4-lllluj-o J 6j jjU. I 4 >4J^3-S 4 IjJ ^j-u C.n5Ll Lqj5sjj Cflu j^j-oC- j)£. j\_j_3ljJ I jA_flJj_L I 4 jj 

^jJI 64 j4-3l 1I d j \ m 11 jyc. lj^_j jLoj'Jl J-C. cdi-sL^. ^jJI 4 jj-uo JjI J_j1^ 0^9^ 

.4_qLqj| l_^_ajitj-uj 1 



J sf« j 


4(jj*.l_LuJI JaLn-IIj 4^JjJI j~^ jc. J-*-J 4 jLq_sj^)I jc. *J-iLa Lo i_ jLj^JI Lu5s is~\ \ 

£-i^>Jlj t 4jJj^l 4^ j-~n_1 1 j 4^jjl^-jjJl (j-al^JLll ujjL^jj t Uji\ (jljJ^lj 44.iijjk-L 1 4 _LlcJ1j 

t 4j_tJjljrLs'Jl 4 -jj j-uoJl 4.0 .lLi!Ij 4i >Lll\ 11 jA_al_fl_upj 4(jL^.jJl Çj 1 0 1 4^j1j^J1 loLjjjJ 1 

g-1 /IIJ 11 J 4 P1 J-^_l 1 (3 4_LsLLaJl (jl jLoJlj 4 Çj 1 JJlX \ L>1 J » 11 CjLI^sLjlJ 4 4 J 0 Wl)jJ> 1 Jjjjjl (JJJJ^J 

J^L^Jlj 44 \\^h % 11 cj"JjjjjJ 1 j 4$j1 <^>11 4jjjL^Jlj 4 (JLl~n -1 1 (J_c. jj jjLuJIj ^cLijL^JI 
4-ixLa 4_11 q 1 6i_Uk Lqj 4 Çj 1Ij 1 \ jux 1 Ij 46 j-sLEjJ*1 iCaJC-1 j-lIIj 4 J-mJlj J^JLtJxll lj_LQ j^Sj 6 J J /n 11 

(juxJLj 4 _xjj 11 g-Ljjj^Jl jLji_Q 4J1 luL!1 ^Jsjlj j .t_jL\5Lll L^JjLjjj ^_TJ 1 S jjcjlJI cjLcj_ud j_qJJ 
Lq£ .4_lo_u£JjL_xq 4il~N -\ çJo_o jjJ L^jJCjlL>Lq Li\5Lqj ^jLll J-4>IjiiJI (_^l ^6 j-luLj 6Jju^_L1 

Llibj .dJ-flJ 1 ^Jcj (j^j*JI ^jlcj 4 j_iJj1jjJI i_ jLsJ'JI pLjjj-S jljcl 4j-aLua| (Jj 4 j*!Jj jyux* 

5Jjj-LI CjIj-S-jJIj 4 4_uj j-£lLI CjI j£Jlj 4 (jl_sJI j-Q-Q.il 4 j_ 4 j 1 j-qJI ^Lij*Jlj 4-llxu*JI j-Lajj ci 
4 (j^ j*JJ 4jJLtJI 4 nilIj 4 CC.jJIj j jJ^-9 4 (jJ^l_4jJI j_C. CjL^1_5 4 t__Llj)-^-lI tC Ij^ (jc. 

4 ■_ t5C I jLl I l a 1 ni^*\ JJi Ij 4 (_>JJLQ_Cj I (J J_Q_oJ I J l_Ll±QJ 40 IjlcLI pLojJIj 44j».j_3tjll jL^j*JIj 

. 1 _)Llv1 1 L^JjLjjj ^jJI Sjjj-3»JI tcLc.j_upjll j-o jjla jcc. 4 1 jc~s-q 4 Icaj 

tJjiC ^a jj jl ^jJoj-tuj IjLi» :J11 q) 41^ xuJl 4Jlxu*JI jo L^jj j-s-u^ jLiJ'JI ^jl JLi 

( «S 6j-Qj 1 ofl \ a ^uOjJ I (jj jia (jc. Lq-4> J jG (j 1 ^jJaj-LUj Loxa 4 j-3jJ Lo-fria ^t_QjJ I (jj jJa (jc. 
t_JjJaJI (j_Q t_Jlji (_yCl jj)) : JHq) JjJjxjJI (j_Q kAJ j-Q J| ^Ijjxj ^jJl 6 JQ x 11 Ç*^_ c l l^ 

jjXJ (jl (_£jJ-»JI 1 _JLoJJ (j^_QJ Jjfc .4jJc. (j_Q 1^0 UU (jl (jjJ 4jj»j LoC. 1 _ JLi J^ jjX-J tC-L-SJ 

£_^.ljll t _uU J| 4 Jj>L>t-l 1 jj_Qjj ^((^4J^Ja (jc. Jj jj 4_aLu±Qj J_Q_luJI t _JLoJI 4 j1_£j Jjj 

. t-j Ll<Ll 1 (^jJj j).~sj 4£j*j_q 4jLqj*Jj (j_Q Jj^l L-4j JCC. jJIjJI 



pLj jiQll ^l-s.c. 


.SUUll j\xLjC. j-O IjuO.lc. (_£J-^J jUJ'Jl I A Id (jU t 4 _LLo*J I 6 j_& LjJ (J\ JJb /1) 

Q \ 11 (j\_ij (_£j-UflJI ^ 0 lo \ 11 dljj)jl (j-o £_jl_lll (ju Jodl (jo ^l J_uo.ll JJLj tj-o'Jl £_Slj (3^9 

dljj'Jl jJ 1 Ull \ \1 U_Lu2iJ .1_)L\5L11 I Jj5) (JjJo.) jTu\\ LjjJ-OUTi Lc.j-lOj-q ^-Q_lo\l I ^jljjj-flll 

6j-JlC. 4 _LoLjJI 4x.jJj Pj-LI 1 \ 1 1 i j*\ \ ^jll I Çj I j. l~n_ \. 11 4-C.j-o-o-o 4 _jLj ^j lo 0 11 ^-fllo JJ 
(_^J lo 0 11 dlljj)!l ^_fljj (jl t-JLO-\ t^J-xJI (3 (Ji'll (J-*- 3 UjA J 4-3UO (j-fljj (jjk-JJ t j- 0 _sJ I (j-O 

Cj Ij-u^-J I (j^L j jJLi (Jj U_\ i_j L \*C.l I I j . 6j\_3 jj (j-o Jj 111 Lc. 4 j£. jj L-s_jl 1 (_£J-^-J J 

^JC. (j-o 4JU j 1 (_Jj*.I (j-o 4.LflJo.jJ. 1 CjLsjLHI l q \lA j j j^jjJa jc. 4_5 jLxxjJ1 4_jjLjjj_oJ1 

j)Ls tlijl^. jj^j j^ IJ-4> (jl ^-c.j» :o 1 oU 4 jj^.^uj-o (3 j -\j ml h\ (JLi .^^ljj)jl ^c.LjjJI 
Loj|j ti_ \ /ii-vj 4-l^jj j J_uo_o Cujj, \ 1 CjU ijUil (jl (_jjj j_^jj «. Jyio. 11 jj-o ll \ ni 4j 


JLjjU JU_o tLiljl jlljl^ Li-o^-S (3 4 j_lx-o jj-uO- 0 (jiaLj-o 4 _^jU_o (3 Jjj-3 j-o-\ J_C. 4 JLj»_S 
1A J.L-U1 t(jnl jJj-s u_sjl JLjjjj^. (jU-jj-ol t«oUjULl ^l j-LjmI» j 1 jjx) (jlljj jjJjj 
t^Loj^. (jljj-o J_c. uUSj J^j :Jllll JIj-t-uJI 'ilo jjji .('"VYY—lY^(j^ :^V^A* ^LjlI 

i x lcl Jj flw,i S J5j ^l (jljjil jpljj jlJjj-uj J-ti t^ Ujls 4k>j pLuclSI jiJI ^j_o.\ 5U_Sj 

J_C. J-fl-xu*U lo X i<o ) Jj^jJl (j*i ‘ Jj j xau SpIjUII (j| t(_^jlo0 11 ^lljjL (jjjuijj-t.L lo tc_jjiLlo-11 
4j*J t((Jlj)) i__S j_uj SpII jill (jl j-4) ^ \o. 1/0 11 ujljjll (jl j\X. .pLuO-^j-oJI 4_xujLa. pLjjI (jljjil 

Jl) (jl ' \-Q _1 ^J (j_OJ t JiLt.u'J ^jLtXjJ 4 jjj jUfc jlj-O (jU pLuOJIjill (Jj^jJI (JJjl pljjl 

j./o 01 \ \ 1 1 (j j1j_lu 16 ■ \ CjU jUo £_o J-o 1 aj11 JjC. . j I jji 1 J-C. 4.1j JjI I 4 \x ) \lol 1 6jlll 

i_jj-$-U 1 jaj^ 1 a JjJ Jjj-uj (j \1 4_^jjJ tLLj_o ^jljjj-flJI j\\ 0 \llj (_^jjj-iJI (jul jjx o.'ll (j\j 
J jU pL\jj_flJI -lC.ljfl (jAjLJ lj_UJjJj jl (g \lc |UA j uu ^_£jl lU) ^ j x o jU jJ ^ j t4j-o 

. 4 ,\ 1 o x 11 6l& 

jjjjj JjJ 4 wuL\-fl -11 j jJo.il jjJo.\-Q (j-o S i \ j 4 jj_&Us aI 4 \fl \ Q -v CjUjUII 6 U j- 4 \ 


ujL j-Ul 1 liA jUll j_Q JjJ_3l 11 (3 1 (j \ 1[ (J-uaj-uj j^JI 4 _£jJjA 1 UAflUil gcjLllJI (jU pL\ j\_fl-ll 

(J/O 3t J (3 J i 4_3»_SJJ-0 JLC jj5L\ _LS ^LJ LjjJ Li . i X jLL IAJ 4_uUfl LlLo ((J Jjj )) l_£j I j-UCl 1jJ I (j-0 

16 J-qjlLq (j-O-UOJJ jUJI 4 X t rfO \ P L\JJ_UJ L\ 4 jU Ulj £-0 J tjfl X 11 6 J-L-O-O (jl \o.'ll 

l_^_Lo J^LUI (jlUI (j-OJ t4-\ mLoj'il Ç-L\jj-flJl (jolji (j-O J--N- \ J-C. S J-OJl U-LO 1 3.UA l_£jU 
.j^l 4 _^jJj j-o'il (3 (j-o_3tjjj ^Luj'il ^,JC. (ju 1 /no-Lj p! flj-vLil LIj jJoj Lojj jUI .L11\j^-J 
J-C. JC.Lt.uj 4 jjXJ ÇjLo.\-uojjj jj_uo (jA.~s-o ç-L\j_\_flJI (3 ^JjhUll j-o JjJjlII t(JU. (_£1 (J-*-S 
CjL!Lo- 1 I Jaj lo^j t4jj^jll JjJaJI (_£ji dJj 4-LLol j_o .1 (j lo \ tn \ \ jl Çjljl m-\ II jj-uoj 


>Y 





t^uLj-fl^JI jLlU 1 (j v ic i_Sjl a I 5 jj_ucJIj t ^jjj. ikI jJlI 1 Lik-Çj 1 4 ixujJaL lxII j 4 -LLj 11 

Jl^ LojJ 4-1\il 1 >_ \ 4u*J j 6j\ jj^u -k3 6J_iiJsl jj_ucJI j^J .jL^ j-° J-J-3 U-&J 

jLjlU pljj-i-flJI ^lc. JoLujjI (3 4J_ij-L SjrLs jJ-o ^uLfl J-iu*. tlJl-iikj .4 .lO.lL~n- 11 j\£- I (jH x uJa 

fcj-lil-a -i-S—l uJj-^U LfljJj Q J J L~S- ) -ii 4 -L n) IjJI ^lidl jA 3t J £ul^ U| Lo 

U_4) (3 (j^jLuJJ (J^ljl -iu*.l tjJjib jIujj_iLi ^ jrLsl Jlull (J Ul jjj (J-*-S .ILLo_) I (j ‘)<o (J-UjsuJI 

^j( j 0 a*\ ((SjiJI)) ^ l-i-du-uj I jjJ j-° I fl“)C.l)-u'-) SjLc.| >_l~n- ) 4ujjJjjJJI LkolfLJJ jl t(J-ks.ll 

I(Jj-Ej jjj.4) >_ t^\A^^ ^Lc. 33 JuJ-LI t((LLi)LklI ^jlu_o)) 4uLd 4_o_\Q o (3j .(jujLujI 

P ^ ^ 5 ” 

i_uuu».l -ii jj^u j>J SjiJI 4_suui2u (j-oLkJI (Jl j_ujJI (jLi tiljll £j Lu\qI ujJ 1 6J-4j (JIjj j-Lu*.)) 
Lol «.4x.jjvi-ll jvC 4 L)ui*JI ^jk jc. u_isJJJ-UJ t4^ujj-o -i_su ^J ^rJI tluJjix. j^J t4ux 
Ij-fljj-o jl^ -i_CL3 tlujjij 4 _o.K 4_o.K 5ji-flJI 6 Jj55 l_Sj_3Lj jl^ (_£ Ul t jjl“) niKl )3 £tu3-ijJ 
4-K J-k5> t^ 0 u-J-flII y (j j (^)) :4-fl_uj-iflJI 4-fl-iX jyC. j\ \ x"\\ L&lujj 4ul 4usj-J tlflu 4uLaJJ 

((.4-Uj (_^1 I (j a o ^g-fljAj 4 x .\ iu j\ \ x"\ 11 ^j-ol jl J-4> 
Ijjj-o Ijj-i Çj. \ x 1 -iiLfl diLJ 4 u^ujjj t 4 _LJjJ I 6 JiX Jll Jj-uua.) 4ui_kill CjU jUilj 
jKj'JI uLc -iiJ .4 jjjj ujljj-k) Jjj-iuiu jjjj Cul^ Lo 6-iicj tplujj-flJI ^cjjIj (3 
4_3uq_uj jjj_3Lj j_c ^ll l^uuLu-oj 4 _u_ujjJI 4jjk‘) jyC. C.L->Ji‘) ^jJI 4-flj-jj.il 4_ikfll_lil 

J5 

4“) 3t ) ) Li ) ^AsLiio ^jLjj-flJI ^JsljJI (Jx . jAu_iuJ I J-olJC. j -0 iLolx Lfl_fl_upjJ 
lu-flj_UCJJ j-O J^-CL^ CjLAfliilll LuXJJ Jx ^ I t^^-oLtJI J\ .) X -) 11 lu-o _i ~i “) ujI jJ t j J.')-J -0 (_^l) 
LiX jl Loj S-iJ-i^. jUU ^jjjj ^u-i-flJI ^-o_u5)Lfl_il jLkJI -iJuJ 6 jLuj| J-4)J S^JI 3» 11 
J-C. 4_1j_uj*JI jx i_ il-s.) jl j_o *J-iJj t4Xjljll J J-UI luj-ilfl t4 Q uj-LflJI (J L)L£ ju_J i _)L)5v-lI 

w *' S ç. 

g-l £\ 1-) 3tJI Ç-ljjj-flJI J-'N.) j-O (jLijl jjC. 4-flj-k) li-iJfl-OJ ^j-flJJ jl Jl^lfl ) j)Ui_ifl t J-Julu-O JUiU 
(j -0 J-iC. j-O-UU JJJ (jl^ -iJ-O-C. S-iC. SlXl.h .Jjlu guiL^flJj^J JJJ j-Lu i(jjJ vIulJI jjiJI (J 
4 )) jjl i‘) 1 1 4ujk) (j\u j-Lfl jjJJ SjSull 4 j'JjIuu-o ^j%Iu j-4>j JjLJ jj-3L-oj_uu jjjJI jj-tk.-s.ll 
dii)j-k‘) j 1 J-C. jj-fl-flj-o LiK» :JLJ jjj (jAflu ClS jJ I jA au -i_3 Dj .^511 1 LLul^u-oj 

«.‘J 4-l^LJI 4j^j-JL 4ujjyi Cul^ lj| Lo Jju». jjQ 1“)o LjI -i_u .LoLoj 4ujl's-o 


\r 




tf jifli J! 


L^xo (g \ *Jj <4-3 l1aU Ij-Luc-o jj^-j jl L^_Lq j-u'v? i_jLdJI IJ.& SjjljJI jLiJ'Jl 

p ->5 

^.j ilujl J JjjLaJ (JA_U Ll J-iiJ I j-C jLiJ'JI 6 jjJs (j-Q (jAjLJ (j-£3_3LJ_uul t£_iljJI d-9 .4-1^». £_JALujl} 

dJjj^ jrLo jj JIIj (jxj I i 0 q I J-4> j_C 5 j\ (g /7i 11 4 -LLo*J l j_o j . 4. iL-n. i11 Cj Llu 1 j jJ l j_Q jJlfvJ I 


IJji j-Q 4 Jj_u/J1j .^plj^JI ^d-^LdJI £-ijJlj cjji-i-LuJlj t 4_4 uj*\ x 11 j Lal \ li cj LJj LAjj 
. Lkjlj j. 6 j\ x ts *i 4-o_2i_j £_u3 jj SjLc. jj-qjj (_J_uCl5 4jL^-j v jji 6jLc £_u^ jj.< n jjLlI 

Jj .jjlJ JJ j-Q J| Lj 5> SjjljJl jLiJ'Jl J^J 4_jJj_uC-fl_i Jj-Lvi jLjj'ill ^J~i v wn 

jLuu j-o jl^ .iiU)ll ^(jflj Jxs ^J-*. lLiU ja^I iuJI Jl^ ^jLHJI ^LL^-j ji LuLu2fc.l <j_sljJI 

. j-q*JI ljc jl jLc.'JI llx iiu j (i >L£JI IJjb ^~fc- > icliA* jl JjLv_lI oIjL^>. J^ ^_ucj 

.l_l_i-Q^_Q LljJ_ll -ii j J*\ \ tt 13 4^LqSj5>'JJ 6jLLoj 6 j\-~ s-q jLiJ'Jl ^jUJ! lj!j 
Jjjll p 1 x"\ 1 jl -UjJJ pLlj-iiJJ iJJ*J1 ££jl_>lL> 4 Sj_3l 1I (jA_3LJ diLoj (J^J-L-UU j^_QJ 

Ljj 5> jLiJ'Jl i_JcJj .«_3L\5v_lI Ijjfc Splji j-Q JJlOILujlJ jl 4.i- 0 . 1 - 0 --S-11 jiiljjAll J-C. L^_fl-iu-k_> jc. 

j_i jjlJIj . 4_i_iu Liu*J l ç-Lij-LflJI ^jLlL LjCjj Lo. i iJaj .k.Q.q t_ xllalLi j iLjijjJij^. J 4_i_lALij jVC. 

jfjo_> J iS-lC. uuljiLs J J-Jul_l-Q JVC. jl J\ul_l-Q J-V-l j-C. 4 _Sj_3L-Q 4_1jL j_l_flJ I ^-JjkLfl-11 j-Q 


Uu juj ^ junjLLi u-SjLslII joA-uuJI ^la. jf\J . juj (j 0 11 S-iC.Lu-o_i ÇjLfl-ij x j 11 j-C. jjIxjlJI 
j_QJ i j_3LflJI ^JLslJI J-C. pLljj-flJI ^jlj-Q JliKl j ij_Q_l ilj(j <11 11 j_Q (JU-lJ 4ul UjJj-iU Lq 

.Lj-1^-A LjLj^ (__)Li5vJI I Jj5> J_3Lj 5J c_juL>>Jl I Jj5> 

- 4 ~fc-Jj L11 JjLcJ_u 2 ljlLl j\_ol^ll Ç-ljiJI Jj^fcJ j-Q £_T*.J_Q 4 jLqj'U j-Q Jl5% I i_> LvCl I Çk t A 1 

L^-vkiu ^U j-QJ t 4 _i_s'JjL. jj^JI dJj SjLc.4 jliJ'JI (jA_3 lj i_iQC J-JLg 4j^j-Lq £u2fc.ljll 6 Jj5>j 



LJjLx 


.£_^.1jJ* 1 *jLcv\5Cl jj^l 4-ajli ^ljj^! 4 j^.Llllo J~vju . 4. il->_ ill CjLujIjjJI j-o j JJ£. 

.LlsjJa j_o Ij^ /i) ^_^JLoc.l (JLslcJ Lojj (jjJJl j-LflJj-oJJ j-o*Jl 1J-& (j£- jS\* J j^_>j 


/d lA^ -v 1 /> 

tJ-uO-S J^ ^j-l-~>j-qj 4Ja_L>jil 4_fl_>jJaJlj 4_o-g_ll Q Lo j)' a 11 j Cj^jiil J-q 4x.j_qj^_q (jLfiJjJl Jjjl 

.l-jL^JI (_^j Jj^L iL^vAj-o oljLLl (J ^jliJI L&j -% > <nj 






jjSn 




Jj) \Q 11 jjl.\ nu (_j| (_)j-qj LjjI J J.i> j)!^J tl-xxLu JjLjj)5Lo jj_Q ^ujjj 4_i^jl^-~s-lI 4iLU.ll 

S^)l_)j^Jl 4^jJ (3 1 Q * Q UII y\ \ a \ 11 tjJlj_ll (JaJl <n (J-C. . 1 ñL ni \l ^J-C. Lg_uCji_i ^jlll SjjJ-mJI 

4iLklI JKjlI y\ \x \ \ 4ljjli^ j*\c 4iLU.ll jj_Q S^jjLLo < xIUjj Lq SjLc. 

J-o-toj J_u^jJI ljjJ> 1 (g '\ q <U~\ \ ^jJI jliJ'J J .4_Jlijj*J 1 4_\^j.~s_ll 4il_UlI jl 4 _jj j_ucJI 4iLUli^ 
jjLUII 4 .\x 11 IJuuiiGj 4 JJLll pLLI J jj*.jj jl j-iLJJ L$j L)^-qj (^jJI 4.\.cl\.<L11 IU-uUjj 
*^ l Jllil uij^ll jj)-uUv\ jjl jj .\.o( 3 11 ^(j U1 Jj-4-uJI J-u\q*J IjjJ-U~\j 4^-^.U.jJl 

.ÇjL\ J-~N-ill 6 J-4> J JU x"\ \ CjjIj Ujj j"-UJ I ujlj \0 a*\ll JUjj 


(JaloJLII Ajj^j ( \ ) 

J ~*Jj jr\J ^J-C. (l) (ju-Qjr\JI (_gj)Tirv.\ .(_ 2*.)^9 (•_j)^ (l) (_>u_QjrJl 44 JjLqj-q (_>u_q!_)J 4j v Ju uJjjJ 

9 

4ijljj^. plil jj_Q Jj^. 1J jrLl (J-C. (_^j)Tirs-\ (u_ j) (_>u-q jJIJ 44 j^j-q 4j^.jJ A* 4ijljj^. pLLI j)_Q 
i' J 4 JJ)(j /II \ 4 X j)^-QJ (j) plc^JI .pLq 4_\ ^jjJlvLç (-^) jrLll LqI ^4j^J-Q 4j^._)J Y * 

. (_jlj-Q (J^_4 .uj 6_)I_)JN-11 4-Luo' j-o j) 1_) J 4j^ 4 4 jLLjJ I (_)jj-qI jr\_J I jj_Q 

pLLI (juk-iuj j1‘\<Lqj 4 j_)LjJ1 pLLL\ j)j^.LiuJI pLLI ULU\ jjl jJj-Lc. ^j>‘\_q_q 4iL\ LLlc 
jjLJl pLoJJ 4-jj 1 (j’\ 11 S_)l_)j^JI 4^._)j j)^^-j ui\.\--^-\ j>ji.LuuJI pLLI^ (j) pLc.^JI Sjc.Lvu_qj j_)L\JI 

Sj^LtuJl pLoJJ 4 -jj 1 (j ‘\ 11 S_)I_)J^JI 4 j^._)J j)_Q (J-C.I 



frbjAflll Ujbx 



yUW *Ub pUI (V) 

pLLI I Jo'^LL^.Lj ^-q_ujj jjl (J-i-Ll s-l-Ll (j-o j jJs lI ^jL-JI pLLI cj- 0 IIjvJLu^ pLcj (J^lo£.I 

Jjj^.j1I 6JjjJ jii^^l plLL (JL^JI ^(jViwn (J^_S Lou ^JujL SjLs Çj i jlajJI lj| .cJljj 

S jl ilxJL j x /^iLll pLc.jJ 1 (j 

.J » 0.1 L> CjIj-o 8UC- Lg-~LaLx"> J.fl.1 <4 I (j <n iijlj^JI Kj-qL1jjJI 

jLLJIj jUJI (r) 

Sjl^b jUJI (jU 3 jL ctJLljJi (JjJs 

^JLxJI 4.vLc. jlbl (^jJI P(jxJI Ijji (jL U| 
CjJ J j-Q iflJ-U^JI jJj JJ 

‘J 4^J=*. ci JjU^ 
J^j ‘J jJJj £_oj 

JJ-U-j jl Ij^J t_i_cvq 

SuLoljc. (J £-31 j (_^ljlj JLo^JI Ij^-j uJjl 

J^> 

\ A 





Sjlj^JI 4_2»j J 


J*XA pU (j £lJj (0 

'bLol .jJ-i-o pLo (3 ^tljJI clh° ^ a 1 _(jl j)-o (j^uJ 4_j| ^jLi-i (j^_oi> I (1)-° 

i__j^jj*JI ^LflJ L^Jo_i_uol^ gJUl 4 x L->S 4_i_a ^ ts> ^jj 4 jjLs pLoj 4HjL^_j i_ jjJ jLLL^.1 (__j j).i J 

. I ) ^Jj'JI j )_0 iS 3 1 * 11 I ' (j 111 (JXLXU Jl.Li.-S-> 4 1 \ (j 1 > (__J^_>j'JI (_jj^_4JJ .J^-X-U^ JJlL> 1 > > x*> JMO 

4-ajL> j.i.o.11 çjl >\<\x 11 Lo !i_j^ jj ^jJ ^LSJI ^JlLII 4 x Lsa L>^-J <j)l>1 a11 pLII 'j >><n Lo GLj^uj 

SdilU 4>wnll 



^ s 

i>> jUj^laS (°) 


P_ O-- P O-" , S? 

j-^'JI 4 o^_jL>JI 6 jG-i.fl.il .j^l S j^.1^ SjLL>.a (3 ^jjjjJI j)_Q LoLoj j)L lL>LcJLo j-Gia 

SljLl . jLiilxr>*Jl ij-G jaJ-i-ClII jj_Q iLsj ^j^l Lq-s -s. 


j J-u-i-o £_S^j_> (J/- 1 -S. /7) (_^lj .4_il_xll 4 jjJj 4_iC.^j j_o SjjJI 4 Li mljj 4 I 4isLLJI 

s — — 4 I 

.pIjjSj 4j_) J_2». CjI jjJI fcjji 4. i\ \ juiij jj> ^-oiun 


(^rr) 


>U=JI (1) 


(.—.a.L-s_ 11 <^J| (Jj_qj ^j 


J\~i >c 


j>.-s-> (J_c *U1 (3 &3Lo.j_o l_s^^_3l1I u _^U.jJI JjLLsJI (_ju_qJlj 


O^I-jJI^ nis 11 (J^.lj J^^^_ll JjLluJI . 1J J.-S-Q bj Lo. J-OJ JII Is 3t 11 J^I_3U j)l JjJ U-ila ^J^JJJ^ 













• 1 i j \ 0 1 1 <_ 


J-C .j .^jLaJI <«^>11 jAc. 4->jft-o i * , ^ SjIjj^. 4^.jJ jlc. J-i-> (g jJI t(jA.I m \ll jj5> 

jl Lq_>|j Sj^J cj- 0 4HsLla_i ^-^.U-jJI jjLl^JI lAi.1^.> t(JjJ.Lill jnlc 

Sljj5> ,J-3 »_£Lj .4-Lil->J.I 4 A 11 II ^j_Q 4jLal_la ^J_C. (J-u~v^_t 



• dLlj^ 4_jl t__Sj_xvS ^jl nñll Lol t4_^>.llll ^sJ1j_xJ1 j-uvsl ^ts Ijji jl JQ*t x \ (JjUlLLI 


(V) 


4_J 1 q 1 4_aLklI iJ-^-s t'JJLo 4 x.Luj j_s_j I 0 lcl 6 dlTLa^-c. Sli jll o 1 x /n I j| 

S4uJJ.jjI 6 j-4> (J_3i_£L> 4_ij-aJI ^ J^J^.^11 g-lj^fl 11 


CjIjLocsJJ j^jLs 

S» g p !S 5 

dlljj ' JL>I dlllj t *i! ^jJI dJJj :4 _lxu_uj CjLaS iCj'Jj jl^ 1 >q!c S-UaL-vll Luia.^I t_s\_uV> 


Y • 











Sjlj-^JI 


j uLUJII (A) 

£ 

IjiLs (Jii 4 _^jJ ^_&j < 4 _» jj-q 4 _^jJ YYj N A j-o jl \ x II (3 4 - 3 j- 3 lJI bj Ijj*. 4 u*j J ^ jl jrLi 
(j<cjrLflJ»! j_q jmJI . 4 _i jj_q 4 _^jJ VV j-^i 4 _xJLiJI 4 \ x uJaJI jLtxu^ll ^ n\~*. bj Ijj*. 4 _r*j J jc. 
S^ 1 _ 3 L-lu*JI 4 ml jj 4 jjljcJt 4 jLUI jIJ 0 3 (J jl_S_l (J_lJjj_q J.-S -1 J_C I Jj_l C_L-S- 1 jj jl 

JuJjLalLa juj^ ,,i ~~ 1 (^) 

(_£jlj_JI Jfl-jJI ili J--smj t4-ijlj.^11 4-jU^.II (j-° (jLLLqILq ^jljj^ jLi1jLqj_o jljj^ ^JlITi 

jljjJI CjI Jj lj| .4_Ls_u^_ll 4 j_uJI J| j I JJ_o ^l 4 Tq i ij-w m i 4ul 4j^jjJ tS jlLs 4x.j-ujj 

J^_S tJajj». (3 4-flJ-X_Q (_£jj^!Ij 4JjLia J-C. 4 Xj_u2j_q Lq_&Ijj^J j 11 (g \ \C. Sjljc^Jl 4 u*jJj 

S 4jjJ.-n.II 4jLLJJ 4_3uj-ujJI 4il_ucJl J_a_j Sjljj^JI 4_r*.j J (jxiXj J-C. jIjj!lJI J-LLLjjj 


6 jlj- 5 -o jjli cJiL^j .YNY <L^.jj jLc. (J_xj^ t cjj L^j j-g-s YY SjIjj^. 4u^jj jLc. pLII j^^.Li 

f- $ 

.ljjLoJIj JLoAJI l>\j 4 _^jj NA* jJLLa j*i! ‘j 1 \ 1 x Ii 1 -v"II ij \j 4 _^jj NA* 

pLjjiJJ jLlL^.1 (3 u*JJ-Jl j^.1 4jL^J 


0 *) 


4jjl_fl_Q 4 jjj jILq jli J-C. ^ jnojl J^-tlu ^tiAn 4uLfl 4_ilj_mJ I J-C. jj*.jj io11 imj Jjl 


S i I 1 /il 11 l_Q . 4-3L-fljj-t 1 j LJ Li 



YN 





pllj-ttu 4 JijLLo j^j^aa g,ll ç \(\ \) 

Lojfc'jL^ ‘(JL^- (_^l j-a_3 S^jjLusJl ^--s-111 4^_j^vu j_Q 3jl jj^.jj \xr>11 fl-lj_ili > \ Ijli. 

0 jg | 

*^t_uLiJl J\ 1 o 11 (^j-LJl ^-^JJ 1 JjLU i_\1 lH.l'ls Ij|j .(_^jL\J1 ^JJI J4_1a£. ^j^JJI j_o ^jj5Lv\ 

Sljj-Lo Lcl~n_ 1 jl 4 _xsLu2 6iA^.Ij 4 X 1-^4 ^-~n- 111 4j J_-n_\ (_^JJI (jjLflJI LoS 


JU.jJl Li-ilc. J X <7u (_^jJI Sj j--Jl 4 j^jJ (jnflj jlc. J jJL jjJLxuJ j$j| pLulll JjLi Ls Sjlc. 
Y*\ ■ \'"--11 jjA J Jjaj -■ \ 'n-v 11 jjAJ j-o j\^l IjJS j^JlLoj p-LujjJI jl JJj i_u-ujj t4jJjJL 
.J^._J1 4JL=w (3 -L-5-S 4jUL Y \ j 4jjLS_Q tlLlc. X' j_q_*J1 j_Q 4_*JLJ1 4jjLJ1 SljJJ jjj j-« 4jliL 
^jL^. — J-uj 1j)j-q (J-c. (j^jfljj 4 _lLu^jJ 1 u_aLJ^l 1 ^j< jLLsJ.1 3 4_LqL 1. jj^j jj-ojJI 

.Sjl^JS-11 j-Q Jjjil Q*J l/~\ » 11 jJji u-\ \ 'II 11 1 J-^-lj LqLqj L£Lu PjJI jji.) 


dxj l^i a U JIaa^I (\ V) 


j)-Q j^JL^. (^l JjLjJI j)jjjjJI j)_Q j^JLc*. ; 3 Lj-q*JI J)-q Utj£- ^0 \ SjLuJI 3 _xjuj Lq^_jI 

SjjliJI (jjjjjJI 


j^jli 

.L^-\c jj^.LLo cLI (jLll jJJj Lojcj-o 3 L'" (jLll Sj \jl pL_ui*^I 


CJJjL'ill j_Q Sjj-^Ls 4 J^c_q 


pLoJJ 4 _ij jLLI u K q MI (\ Y') 


SjI j-~n-1I CjL^.jJ ^vjjJj JJcLLj ^jJl cLoJJ 4 uj5JjJI 4-LuO.vll jLmj IJjJcLj jj-o-LI c^JuJI Lq 
L kijJt j_Q TVY,\*\ j \ (_^^Lxlj j- 0 -Lvl 1 jl lj-^-j ^‘\%\ SI 4 J LLsj (_^j1j--s_11 ^£_\_qL 1 jjJI 
4jLLJI j_Q 3 LLj 1 i_ja \o L jl jL_q (Jj^.jj Lq jlc. ujjci-j Lq ^jjj :^j_oJj . pLoJJ 4_L'JuJI 
4_\ jLo j 0 ts~\ S^jl^ci. 4 j^jJ j’\C. cLLI ^Lk-j^ P-LLI^ ^tJjJI (jJ-*-Q pLcj aejlj-jl 

■ (JuliK JU-jj YVV,U) 


YY 





Sjlj-^-ll 


BjjUI -blLkl (l i) 

j^aLkJl SjIjj^JI ^c_iji_L ^J-C. j£_u^JI 4JaAjJ Cu l-£_ij^_3 (_J_i_ijjLc*. jll-Ll f\V\ i ^Lc. lS 

NV,V— c3 CxSjJl tJJJ £ L^jJI^ Jj-l^jJI j£-Ql Sjlj^. 4^*jj ^jl 4 j 

jLjjjiJJ gJlJlj plll j-q L> \\~*. ^ljJLLtuL 4_^.ji_JI 6J-4> Jj Jj_u2jJI jJj .4_ijLo 4^.jJ 

J-iii-L-ll Ij-A Sjlj^- 4_r^.jJ jl ^Xj 4-jl 4ljl_fl_ll jaj .^jjLmJI ^-Lq) j.vi j-q*JI J-ijjJ^j 
j£. Jj-C- Ul JA_1_3LJ jjJ (Jll-1 4 j3 LLJ I ^jLva jl_S jLq 4j^jJ N A J--S.1 J I J 0 Q 1 j^O-'L. 11 

S LlLo-o lj_4> jj^_i (~‘Li^ .4_i 4 _L_i_^JsI 4u_i_JI 

S Jli jj jjj-u (^ 0 ) 

jc. Lqj5>j j\S jl ^ \U" /n*\ Lo.111 tjjjj Lo-^-i^ ^c-CLilI j_ijL> jc. tiLj_i jS jl ^ >U" /.i IjLi 

SSjc_i 1 ^>(j \q ^_cl.J 1 j_ij-Li 


jiL xli jL jjJI ijjLu jn 1 /n*ilji _Li (J_c ^LxJaJI 1 >^-v~l iijjji_Q 4 ifl ifl% 4-ijal Jjl Cj-ij^.1 

i__Lsjl jij .^_aJJI JAc.-^. j ^JcJI aIjHxoI jL_o^!L jL Jg-1 nuj ^Lc. \3 J-J^JI jyc 

. 4 J L^ jttJVvj j p , (3 I * y J t 4ja.U.J (^jJulj i^-ilj-i jL jLll J;LJI UjoLi jlJI 4jj_aJI 

JACi> 4_uailJI 4 j_ij^_j jl jij .^JllL ig-.CLIj ^tijJl 4^.U.jJI 1 ni c^jUJI Jl^ 

... 9 - 
(_^UI 4(_^jjjJI , '1 (pW1 4_a_ilj jj5Li 1 cjjj 4lilq oLcLuj -Lau j^J 4 ((Ij4iL LLU-j o^->■.j» ^ua-JJI 

.^JjJL 4j_tC 4^a_jjj 4_i , ' > i^n I 

jUj^Ll jj 


rtiuuJI olijjLKJI J f-l«^JI, (11) 

1 (j 1^-1 J Jj^.j_Ll plj^JI j_i jjli 4_ijLaJjJI jljuloJI Ja>j j 4 j_i_ io»JI CjIjjLLJI ^jJLi Ijii 

S 4_fl_i LxuJ I Jj-fl-xJ I (_§ Cj IjJ LLJI (Jjt_CLj Cj-i U Lq-q jIn I 



YY 






•L>a1! i_ 


<Laa.jui Jlt^ O v ) 


ç$aJI 




(J-C. t4_ul i^Vjl l5Lv')l^-)JJ 4_uj!jJ 4jLi^k p, * <\ ^.'vS 1 tjLoJjJ^j £t_vflJ^J ^J^I t^\ *\ * j ^Lc. 
4-fljjJaJL) 4 jIjjv t4j|j JL-%-11 4_toljJ (J-uclj (_^jJl tO-/j)fl*)j[ ^-fljl a\^W ^lc .jL^jj*JI 

Lvv') 1^-J. 1 4_ujljjJ Ijj^J jL^. (jSll^ t(jl o-vJj^j ^ ju ja_) ^c.J j j^-l J.)-gvl‘) iJ-»-S jllj5^j L^.'vvc 

l 3 ^^^-vtc^JJ Jj?I * (jl ^a^-aJl jh° Oj^-* l-^-O . 4-ijl 

(j_)Lj_<I)J^jk (Jl^ Jiiij 


tLoi.Li.j jjjL^ ij jlo^-a (\ A) 



Y1 






















SjIjlnJI 4j^jJ 


tilj-aiLo jii^ 4_i i_ij 1 fli o UT=^j ç-Lc^ 4_i £-j_ucj_o pLo L^_i 4_u*.L*.j LuL JLrJI j^ L \ 

Laj t'bLiia j^u.\5Lll o_»_sj 3ilj 4ij-*JI Sjlj^. 4_^jj 3 ç-LLl jl (j^jiu .p-LLI L m jju_o_L 

£J3jILj (_£jJI Lo_S tj-i-o pLo jj^ ^j-unj_o jj-llyJI j l_lii tdjl ji_i j S4uj-\~*. jaj (_£jJI 

S4JUJI 6 J- 4 i 3 4 jjJ^. 


(jjUL 5$$3 (i“\) 


j>Li_uJI Sj Q J x -n 1 jl _LijS Jil i_u£> .^LoHa*JJ SjG-o jj^_i Lo LajIj Sj’L^-iuJI 4JLuil 6 J-4> 

jg -J 

jyjJJI L-uJ J^_S t 4 j JJ_fl _0 L^JjljJ*. 4 ajJ (jj-l-^N —1 Jjl_S J j J lAc 3 'J-J-S JjG 

3^-3 juLs J j_Lxj_i_i ^ 1 15 j(j 0 11 i ij-Ja-l j 1 3 ^ j£LS J jnti% j_Lxj_i_i ^_j j 1 JjLiJI 

SS^IJ! jjUI jjJll isL^I 


j_Q 1 j^.<a tl_o Ljj 3-tlc. Jj-u^.^-11 j^oil jo jj^j<n [iijjjJl] iiUaJI jl J-c SjjL ^_j_j 1 j-jfcjj 'i! 

.pLujj IaLSj Sj jjl jJo_uij jl X 1 jl GLij 


(^ mr) jjiiAjJ ojUl 


^UaJijij (r*) 


3 .^5Ls_i ^Lo-un.1 J jj_o ^uSj l_jjj-iI Lo-^-j-i-i Ja_ijj t jlaA_J I 4 _x£jI j-o j5JjLoTi_o jLLc.j Lj_i J 

-g 

^LuLJI ^Lls jjx. ./l 6jji ^liSjl 3-un.ij 4j-uu'Jl c-LcjJl 3 4J^ 3- > ^- tu -^ jj^-i t4jlj-iJI 
(_£JJ-4U_0 jj^_i Loi'lC f.LL_lJI jfl"will 4-11 (g ’l II 3j 4 j- 0 _l'Jl 3! J^->*JI ^LcjJl j-O 3^LJI (_>Luj-J 


.h/2 jjpLcjJl j_o pLc.j 3£ 3 3^LJI 

3 Ljj j\Ax 1 j j jJ I (_^ I i VL (/1 / 2) ^jji 3-> LuJJ 4 _ij I jJ-i'J l 4_i_i J L-s-11 4i LL 

LJLojL^I 4-j-ijL-31 £_uqj 4il_L jj^S 4 _jjL^_jJI 4JL-n. 11 3 .4-ujL^Jl j5ij-a 3| ^LiSjjll 
.^^jl ja.i'JI 4-j-ijL-n. 11 £_uSj 4iLL jljo o l.L.1 j_&j t2 (W/2) (/i/4) = VK(/i/4) *(j-& 

SljL !4-j-i JLJI £_uqj 4jl_L jljO o l-Lai ^ oj- n .1 jiJ 


Yo 





■L>a11 ojLx 


.lj)-L 11 4jjIoj dLlj jjj Ls Lol ‘^Lj-iflJI .L.fl.g ^l>II 3 

(pUojUI jfls Jjjj Sjjlu». J-C- i - i J3^jjj 4 jJ (^j-ll J^ji-ll) Jjj-Sjjj O «n’ijl 


AJIjl (X\) 


lij^Ja^JI illjL ts ^o ^jJlsxj pI^^JI 1 —fl.cL-o 41-^ /nl ^j 4_Sj£- (3 *J,j-$JI Jj jjj 

SIJU 


4a 5 j* * 'o ^I j < & 'l > ^ 11 j £j\-lu j\(j 11 (jLs ‘^jlj.^11 ^jLujJL I o ui\a -v 11 (jl J-i 

c-jj=fc Jj jyl J^*-1 (j-o 4j=fc*iL Jj k uil 1 (^jlj^*- uJj^-o c-Lj \*s oj m (dJLjs ^-g_uL-*j Jj=*j J^ji.1 j-®) 

.Lgjj^ifcjj Sjlj^. 4_2i.jJ ^l 3| |a_g_s 4 -Ll^J.I 4ikli1 (j-o 

du_) 4 j| (^jjj 


£U.*sLlll diauxiljj ;.|^ 4 JI jjJ j (rv) 


^•\iwd Jji .LLjIi-0 ^Ulll i_)L di^J J^j^jJ 3 j^C. dL~L-J^s-o pl^_& Jjjj jjl Cjjj^ lJjI i_l& 

S S j*C o 1 1 6 JJs 


‘ ^ 'JJJ^ L 4-ujL-~fc.il (4 V' 11 ^ 4jLL.11 _Li J~fc-"i.> 4 _ujL». Cj1jLu)j| 4 \ \x <nH ^(j H1 i__u^ J-^-l jj 
tSjl^j^fc-ll 4_2i.j j (3 j\ x \ II jl j-fl_o ^j-Jz 1 ,(j">fl j SjL jjliJI pLII (j-o IjLl (j^ ‘ii :Jllll ^jLJI 3-^ 
.LIjJL 4^1111 4jLLJ1 ^jLJI .Vo ^jJI 3 ‘(4j jjJj-uJI) 4 jj^j- 11 oLfcjjJL 


cUij ^i^ji (rr) 

jjl *ll — jLj-o 4 _i^j-o 4 _r^.jJ Y o — L^AiC. SjIjj^JI 4 ^.^jJ I jjlj-^l cLLl^ pl^-^JI 

j)_Q jjLflJI J-’lC- ^j^flJI 3-^ > _ sjl j I Ijii 4 L^^-jsLo <j£JI (j-Oj .S^)I^)J^JI 4 j^.^jJ (juiLi 1*0^1 

YY 






Sjlj^JI 


V 0 4jjIjj^. 4ajJ ç-Lo 4j*.1 \ xjj 4_> jj_q 4j*jJ Y 0 4jjIjj*. 4j*j J £_1jj ç -\ j_& 

S i 1JA i \ \ t t i LoS . 4 _>jj-q 4_^jJ 


jjLJIj pUI Jjjru ( V £) 

jJjJI ojI^j tSj^j^JI ^jjjjLs jj^. ^ ipLL^c. jjj i^jlllljLcj-o (jl> ia/ W jljJj ^_upj 4JU ^3 

^li tjjLJI pLLl j)-Q (JjLo-o j!jOq (Jx. ^jToJi (,_jJjJI Lqj_u jj^Lujj pLo J_C. (l^ 

«= P 5 p o jj 

S'Jjl J-Q-~S- ll I IJ U JJJ (jjjJjJI 



Ajliii jjb j j ;K II Jc ^JjUI ( Yo) 

£ 

S4-jl X 11 6JjL) JiL~s- 1I ^Ja_iu Sjlj^- 4 jijJ jj^-j (ji^. i_j_s_u^l JiL~s_ll J_C. ^djjJl jj^_i IjLL 



( n ) 

J LjJlL 1 (3 (J^-l tJJj 1 '^ JJj .U 3 jl J /<Q ^ (3 4 jLiJJ JjL J _1 (3 ^-ljJI (J-C- '_ tWl1tt JI j^-QJ 

SljLL .j_o-->jlll 4Jc»-flj j-q jlfLIL (Jjl SjIj-^JI 4j*jJ jj^-j (jL^. j->j%^ CjjcJLjj 5 > *J 


YV 








e-j-=JI I3 a (jlj tpljadl iiij (jujjj 4 /j 10j (j-o Ljo* li^- jj^JI jl t^ 5 6j-N a 11 

.4 J~*.l jJl 4_ixj_j_LaJI 4 -EjI.Q ->■ (j jj^JI 4.V.O. \ J->- > 4_uiiuJ 

ifl i^° 


^JiJI CiUilo 'jl tn'ill (rv) 

Sljll .Ljla ^lj ^_lo jiI ^l^II Çjl i**\ a il- 


Cj jy£- 5Sjj (jc jij ^ Lq ,J_C dl 1 (g~v />i" Culi <pLLI jo Lj^ I jQ i_j jlu Sj-q J£ 

JUC. jL ^gA-Oj jlJI [4 K \ <ii \I1 J 4-ALLI jo £jjj '-6' v< ^ 1 ‘4 j^.I_Q_q 4-^-y"ñ L^.'J .jK <iij| 4 uLLq j-Q 

j^ <11 L^j j-v> (jlJI pLLI v_jIj^I j-ic. Ij-u^ j^iu P '-L1 j oLbj^JI 


jA_i^j j j j LAu j 


^lui ^JUI (va) 

ScLuJ, -ilc- d_»jLud jjr\JiU jl 4_^j jJ I \ AL-UU ^sJjJI J (jl j^-OJ (Jib 



lL1m\JI (j JjJIj 43»jl (Y^) 

4 p p 

6 jj> J-3LJ ^J . 6 J_cl~n- > JjJ JJ_ojj pLLI jl 4 0,\ 0 j_o Jjljji^JI j-Q Lj> j^£-^ jJLo_cu*JI Jj-flj-xuj 
Spl \ n\ II (3 jdlj 4^^>J 6 Jj^jJJ dLo-uu jU 4 0(3 o 4_xjl_<iJI 4_0 -lCl~n- 11 


YA 








ijJLliij . ' fr '' -■ i Q jj& J^ (JaijJ^ t^JaLj. j ~\..i J_C 4 K /nll £_o JjLsjJJ j^LJI i S*JI iJLlA 

.IJ v ~>. Jj^LJI 6 JA J^ ^jjjjJ^ to-d-m j)~t- > J-C. 4 Ls Ail I £~a JjLajJJ S_!C. 


jjiuj 


SpL^s^jl ^uLujlo pLilsl (Y •) 

j\-£ ^J)) Jj^. 1 J)-a JjLlll J Jj-ll SpLuA'^I ^jjLu^_q pLfl_ia| J_£. v jjl 1 \ v lc Jjb 

jj-o J 3 oll <jl jJ| SjLi^Ll (j^v-uAvv .11 Cj La'^Lc. Cj_fl_v_uo I ^ S v-Lrv.11 g-1 j jjlJI J «4_iLLJI 

(.4-aLL».ll 4^ j-uj j)_Q Jj).1_L>_q j j5L_v 4_uLj(g<11 4JaLLj.il Jal IJL\o q jjl jr\ v>"v 11 lj_4> 


iujjtil ^LaJI 4-i^Lc. (Y\) 

SlIjA. L ^J-O-U^jJl dllj (jJjJI . 4 »i_Vj_ 3 t-Q (j-A. V Lfl—Q LgJ ^UuJl CjLj'J-C ^jA X J 


tjj'JL'dl J_c I*» < "■ Lg_xa ~v(j q"j *J tL^-tujjS (_5^JI J.j*J^ SjlLs ‘i_>v.^>_c ^j)_u~ij_o 4_ijlj_^JI L-^LvvJI 

1 (j />ijju ^jJI 413LJI Sj_LI Jj t^CvLj-S.'v jl 4_L_fl.\ I_ic. tLg-o.g.o."> (Jjl j-Ls J ^ <"j v~ ^jJI 4_iil!JI Sjllj 
^o*JI vd.fl.vLtA) *J IjJ ‘L^.vlc. cj_LIc.I _ii ciijJI vJJj J^L^-v j^J tL^_o^_flj *J vJjl i__s^>jij 

.LiJ_»j 

jJ_iS^o^_lu jJ^j^j I 


uu^iti jj,..»n (rv) 

(Jij Loj’vc J-CL~N_ V V V_SJ_UJ V-_L~S-V JjL ^^J (3 (J J •* > * 11 (Jj^*- (J^ jL*II V_V-L^J1 J_v JJU. X JI 

ifi ç- & 

J-C. j)^^-J (_^JJ1 ^JjJl 3 .-U - 1 ‘4-vl * 11 6 J 3 LJI ^ljJI J .J-Q-^-jJI 4 j^jJ j)C. S^J^Jl 4 j^jJ 
SLui JjJ-^-j V 4v5s . ( _^uj'J_LI (Juuu (jl J 3 J J^j iliLoj ^ 0 *v Al 4jil£!j JaJ (j_Q J.v alJlII 







gL jvflJI L_ul C 


OfUlj ('TV') 

j_C jrvT\5L> 6 JjjJ jfl^l ^t-ljLI I J-& jJjJ .^jj^ jUjJI plxj J[ jUJl 4_sl_uc| jA X \ II >_i_^_) 

Sj-o'ill I S£b l3 4 ia nnll 4_ul_>j_i_flJI CjLlLoJlJI Lo .6_l^.j ^a-ij^ jjtu'JL 4 _jjI_£lq ^_flJI (3j (jl ml.ll 


plHnill ,j d»j '4 pljjjl (V£) 

^SjjjUI Sj_> j-Joll ^L*J1 l3 ^ ^ v q pIjSjI pj-qJJ ^jLjj ^J 


( 1 I 4 J 

1 Ll> jSj j v /"1 11 Cj*J Ls.j ^_*-q^J 1 jujg.l 1» 4 K <11 1 j_j ^ Lcu^. 1 ^ «L^j-o 1 x 11 

. 5j j_c 4_L^.*jLlL \ (g ~>.j-o 

jLau J jjjl 



£jLLILj 5 jljmll Jjj (ro) 

jl (jsCjilU J 4 4-OjLc. 4_LJ (3 (_^J-^-l Sj-Q L^ jJ ^Ci 44_lsLuC 4_LJ (3 ^jLkJL S jL_UJ uJjJ jlc. 
4_a .ils 4_fl_i_L j! 4 jCv1l 1.1I llK (3 Sj^-lj 4 _C.LjjJI i_lu_Sjv> 4_Ijl_fl_Q g-lj^JI Sjlj^- 4_^.jJ 


4-Llll i3 SjLc. oj_~n_ i Ijjfc j^J 44 _lsLucJI 4_LL11 (3 Sjl i m 11 j_c. j jLSS_jjj 4_i jLjJI j-Q 

S i__S v J'iC.*Jl Uj 5 > fljj (_U^U Jl Lo^ . 4 _qjIJlJI 


jLaJla_a (jlj^J 1 I (jALtuJI plil Ja JHj’o * .0 (jll^çc (V“\) 

JLLfl -1 4 J (_^JJ1 j^-LcuJI P-LLI j-Q 4. V lC. jl_\ fl LL jCvL LqILq jC_Uj_3L-Q jvjJ.VC. P(J-Q 4J L^. (3 
(_£j^CJ1j ^jLkJI j-Q jjJJI P-ljj-aJ Lqj5>1jj^J jl jCj_\ X Jl jo u_S'JH^.'Jlj 46 jIj-^JI 4j^.jJ 

s> 

SCxSjJI jjj-o £-0 ^LLl Sjlj^- 4j^.jjJ 4uji_l^. £J3jL (_^JJI LjxS 4 jjJJI pl_uL_u 


(jurt»iii (rv) 

pj-u^ ^*x.j ^ LjJI lS l*-jLv jl Lfl.vLil jj^u jl g -1 j-$JJ ^ ^ 1 jLl^ 1 ) 'J-L-JI 1 x"\ s 


SoU.1jLsl j-Q (_Jj^ .j-LLJl ju 


r- 




Sjlj-^-11 4j^jJ 


JiLxu^L 4 1 n » 11 J^q1j_> Jx. ÇxC) .&jjJI 4-qjIj 4_Jllo 4 In C ^jrHl 4_jl u_flj^>U. ^jjj^. j>C <_£jju 
tjxl J-ixjj 4 1n x II i_fl.lT) Lojlc. 9 4_a_ttu ^Lflj'JI Jl^ j\ x~\~\ Cul^ ^jJI 6 4_) jjl^_l^!lj 4 j_oj ^LijJI 
Jxi^J.1 (J Jl^sT-vJI 6 .4 ) la mll j_o 4 jLIL) 0 * 4 ) u\\ ) j^ll LajIj 4_) j) I x 11 4_>j^.Lll1 CjjI^ 1 Jjj 

.^111 juqJjJI ^-l.QJ jl^ Lq 


^bjudl ñtila (rA) 

5 *. 2 . s . ~ 

^j^jj ^iJI 4 .lQ-lv1I 4_Sj_3l 1I (Jjllj Sli jll 4_a_U ^ jJI 4 jjIj.-n. 1I 4iLLJI j IJ 0 o J cT\ x j (Jj5> 

Sslijll i_ )*n L$j 

4jjIjjJI njll Jjuc jjjli 

.jja'JI Pj-tuJ (_Li_iAJI Qn"i 


p ni~s II f LaJjl (r“\) 

( Dj-flJ J-lAalj .Jj_UJ^jl JIIN 11 £l_*_<Il)! (__Sjj_3 L-0 Jllo J_u-~vfl I JJb ^JjUI 4. lO.L-n. 11 ^-LjljIi^ 

.jA x is *i i )Q~ 4_j Jji j_& 4 _lLc£. Sjj-uri) 6 J .)0 \\ ^jIaj Jj_uj*^ 1 p, <iin 11 ^l_3Luu| jjLu^-o Jj*T1 

S J 1111 JJ-Uj'l I tt I N. 11 ^l_s_uj | lQ-N_ 1 J j) ji-11 1 J-& J 1 0 J I j LL jU 


.pljvA-*. <^-flJ J-uQ lj tSl-LiJI Sj-N /7i LqI ;4j jLqj ÇjL) jlVt 11 J^ 


oJ* ^LN-aJji jUjj 


*cUI (£*) 

jj J-u-N.fl.il j ^LuojJI lJjLlujj 4 ^ILUI 4_iU_flJI j]j 1 \ /uj ^jjjLcjjnJIj J*\ ) 1 / 11 1 Ij cLLI 
4 _j_udL1_1I Lq .J-qjn_JI j')C JJ-qjj L^jI iSjjlj 4 _dL)j_lS 4_j_ucLl ^ 1 K jjjrUuj j j-ojjj^Ij 

pLLI 1 _£j Jj_fljj ^J-ll jilj j-Q 4 _\jjU 1 










>iJlj (iiJLc. isLiii jjj 1 ^jL-s' ... >jJI ~s. u i^ll (> £-a>> ^ Lg.t<a Sj-jcc. cJj-o 

jlja"> <ii^ilj d)_)» ñi ^\*> > inLi-o jl 4-inilj-o .pLoIaJI (3 ^4-u>l/>~^ (3 

tS>Li 4_>L^1 cuL .4_>j1j^J 1 K^liiJJ ^llll ( 3 >IUI ‘ q ' i~.",■ i' ç .^ \/s JLtxjj 

Cjl> Ja» * J!3'" I ^^1*11 JjLsil P^pl) ^jC. JLul Ç jUs cll j £- 0^9 .cJJJ^ 4 _llLxu CuL Lo^ 

«S jAU mi /n JLoC-l (> LLoC- 


3^“ 1> çp" 


0 

*j jLJIj (j^LtuJI çl ^$JI diiu ( £ \) 

(J-Q ^jLlJ^ J^-LxJI Ç-l3^JI J)-0 LiJ Ç-I^JI J iS'i 0 ) J>l >Ul1 J. A — iÇLj J 4-01jJ U^-J-)l £-J-LixU_> 

4_A>JI jyc. ^^sdl Ja ^x ts~\l 1 PI 33 JU .4^j_~^-*io pljj^.1 ^l 4_j J^l tJjLJI pl^-^JI 

>o 4_j ^j-o 4u^> Y * * IrsLi) 5j 4_c^ J J 4_S>JI 4_c*.^ J J 4u_i_jLiJI 

4isj8 ^I C_iycj CjIjjI J^-^i ^3 I ( uluJI >0 0 *— 4_c*.^ J j t>_j_)LiJI Cuk .1 

S^Lol^jJI c_J^->j1 J_0_3L_J C—S.j5>_S . (_J _3_jj^! I Jji-lj 


JjLi plJ- 4 ) 



Y'Y 










^ISJI J^iJI 




JjLu j 6» \\ ^jJl tljjLuCcl j-O.^ 1 J LiiiC.1 (_£jJl g-J)-u\ll 4-Lxul jj ^JLlJI (_£jj j-^J 

4jjjJ1» jjiLLI Jj-5JI j^jj t^JsljJI .&ljj Lo (_Jj. Jj-oj >^-jj .LU^LLal 

Lo ttJJJ £-qj .(j^cjjll oljLuajaJIj oLiJJI J ^j^jjll J_c. «jLijj j 

cJJJ jnlc ^ljcjll CjLj-Q jlJ -q J_C IjJ ■ QJu^. < 4_i jv^jJI Çjlj-xJslj 4 jjL^11 CjLa-^JI Cj^jJ 
LcJ_lS JaLulu 6 I ■i-i.cLs djjj^J j .jLl/(>JiJl 4 /n j Us \ /\ LoLoj (J(j jux 11 >q 4ul tLLoj 

(JJ^LjlU ^Li-j'Jl J jj-L (j-4 )J CjLj-xJI Çj*J ^kC (_£ji 3 < ^->CoJI ( ^^-jj-q'JI ujjJlJI ^jLsl >q 
^Jljjj IJ \ 0 x j jj^l Cj I>5t LtJxil cJLlii J>L1 .LuJ 4_ijjJI jjj^S (_£_Lq cJljj[ (3 IjJJ 

ç, . £ 

.4.iOiAJ. 1 (JLls'JIj 4-xsLLJI jj-ltJI Jj-q tLijjJj 


j-® j (') 


^jJI SjJ-UcJI ‘ Q is> .Lo^JJJ Lo.LS 4_QjLi 4j jlj (jl-Jjli cijJ-^-J >JJ JJ_tXLQ >J lj-Q ^_UJ 
S(_^j^jjjJI dJ j (>1 .(jLjljXI (joLi 4 _L_ujIjj 4j jllil 4 jjIjJI Li~v jJ^-).) L$j jjnm 





g-LjiQ.ll 


jAill (V) 

(jLi-ub-S 4j j-\_l^ (j-oi-S I ^ J ,y \J A ^J'-uil 4-1 n\ ~*- J-C &JJ)(j aJ>- JJ^.I_U) (_£j_) 

4_LLji.qJI 4 \\<\ x II Lo .J_iflJI ^-ClVs.> ^"\ 4ijLuJ jc*LuJI Lx t jj| Loj -■ q Q /iij 4 wnIj 

^. j-Oj~\-iS tjL-Jj)*\ <m .o (jLlj-o J| PjJ.1 \ / i) :^li_oJ_)^ J^ii2 JLll 


jj jl «Lxlc. jLl < jliflJI Lo£ Jojli j SjLc jLflj Jj^LJIi t^-cJ-aJI I i_flii^i ifljLfl-o 4 _oj 
. 4)5 K\ll jLflill CjLsuLjjj ^lij'ilj jiU-UL i cj L Lojl^. 11 1_Jlo 


t5-> 0^1 


j-iiLbJI 5 jj i^~i II (Y') 

£-0 .(jLLLLslLo ^Gj ifla (jLilj-o Ja ^J' >^t1 «Jj^uJI j ‘ ^ “ Jj Hij^u j ^ JS 
4x. j-us j_a 6 j\ k ts'i 4 1 a .1 jl 4_u Jjl-o 4_LoC. bj j *s~\ j-$-lki .4_i j I x II Sljil j^j-o <3 4^JIs J jj 
SjJ^-uUl ^LU*J 4_)jikil OLtul^_3LJ*J 1 J-IC- . 4_mflJ 1 J) j)-Q-Ll) l_^_il (J-C- JklJLi 

S 4_j_uL IjrLfl 1 I 4)5 ) 0 ->■ Sjj)-ltJ I 6 J-4> (J-4>j S 4 _lS LLil I 



Sñf.Ual (£) 


« e_) 1 j-v-ui I Jj» 4 tn\ j-i 4^LLil Sjj) )<'•’) 11 ^J-C. ;>L)_u 2 )-a Jj_a Pj) ^Lat-uj Ulxu 

J^ji 4 _lsLLi 6j j)-unl 1 j^-iV>j tJjLiLLEJ-a Jjlij-S-La Jjlilj-a 4_) j^JJI t(j^il_uJI Jlj_uJI jkil) 

_ 9 _ ^ _ 

S(^jj_JI ^Li_uUI ^La-tl) 4/nl jj Sjj-i^JI pLlJxLuj Jifc .4_)j 1 a 11 Slj-aJJ 4_>j^jil 4 _Uj_qJI 


r\ 














jjfU' t L *-^ (°) 

J ‘_ '■ c -j' s J 4IxsLoj J-SLll 33^3 (_^j)-^JI i _S'jLiJI 4-jjl t/~\ q d-~i_~s-_o iSS 

(j I d-J-C- (Jj^ . 1 (g \ 1J j jjJJ I ^j-o £-Lx_Cj (J Loj J | jJa J>£. 4_J LAflJ I 4Jaj^_l I £_<a J-u^ I^jJ I 

SjLuLxo (-^.) ^l tJiLo-> 4 L^ II Ca^J (i >) ^l i J.iLo.\ 4 L-n. 1,1 J^S (l) ^JjJJI ^LxCu I i J v 

S 4 L11 Jl^ 4_\J_JI L~v JI jT\-oI J-C. 


4-uilil IjuTlX 11 ("\) 

^Lx-tii ^jl ^jrLoj .ç-LlLi pJ-_o L5 J r h, ^ =i 'J p~*- J-C- 6 p j)-uo JoJ-tu^ LLLu^o JjLc 

\Sc. £_id dJJ Jju .pLLl 4j^dJ 4-l~>_fl/\ jlc. ((Jiuii'J)) SjL*. 4_\^lj>J 4-AL-d\I jaJlj p^_idJI 
j^-XJ ç-LLI Jdlj LucuJI J_o J^j^_JsI pJj^JI (jl j J \ \ /n .4 ±\Lo 4j^1Jj f-LLI Jdlj 4 o.\ o7\ mo 

SLVi-11 ljij> ^J .((J-c.'J)) SjL^. 4_\^lju 4 _aL->J\1 


j \ * inll i_ifl"ill (V) 

fl 

S(_^U-Q_tlJI ^J^fl JJJ.L.CL \ I J\ X lS> LLflJ jlj-\"\;n\ jl P ^il JJ Jfl AJ Jii 


4sLlu_q 4_iuL^_i 4-sLuj_q ja ^jjJJ p '"->■ II ilj-v.") J‘iC- (j^-*JI ja <_ij)1JV.I ■ a_djJI JJ5o j\. 

.jrLo-iLo *, * *\ 1-i.fl-o.i ^.LgLLI 611 J_i_ 2 *ju _j_q^I 4_i1LuLi Lq JLfl t4_iLiil j\ x i=ufl_S Jj^Ij _/Lq Lijjfl 

s* , _ _ 

Ij-ii . «IL>“ * jrLll ^j-® A / \ J| J.a.1 j jtLq 4_sL.u_q a. /.i^ll jjlfl ‘dU J-° (_>^-ifl-JI 

t. v $ 

4 \\ i <7i (3 L^-vic. pLfl-i)!l J^l (J-o 4_iflLuaJ CilJLo-iLo V, 0 \ jIjJLoj Sjj)_u-vll Ju^. jJ ^,-cdj i5L"i.lI (2 )_q 
4_Lj)i-i SJLflJ 4_il_*JJ 4_iUjflJI p-Llau'JI 4_auJ .IJ i( j -^. IJ(j ->■ . <ILT> SjflflJI 0 j-4 S^ljfl-fl .j)\_*JI 

. I_w11->.J Ji«j (_j_Q Lflj J-4)Lau_qj pL\_ui*JI Jl jlVill LLq_Q-uQ Lul jJ_u jl J(joiJI jL$a.l ol \i <no (_£j^l 


-i_4i La^-^-i 


rv 







SiiliJI (A) 

SljLl .4_oJJa_Q SjiluJI jjñfii 4 jl (j ‘\ II pijul 4_=i.jIiLQ Sjilu J| ^jLkJI j_q jJa_u Lo J-Vc. 


•LT^' fJ^JI UJ J Ui^lj (l^UI UJ J fJ-*JI 


l_i_iii_i_i I o ^JI 


SiaLUI pllai (<\) 

j_Q ^u^l^jJI 6 jil-lll ^jJ Jc ^jJ_3Cq J i /n^sL) jJa_Q ^ i \ /n*Ju g-U~i£. £_uqj jLlli (j -0 

.L-iu^ill JU S^a-^JI (Jjl^_i (jl • 11 J| (J^.ljJI p j)-u\ll (JiLo-i >_a(g \ (Jj^.IjJI 

Spl i / mII (J g-1 L> x Jl lUi Jjji u' U-J^- J-& 


LoK jljji 4^.1j^!1 4^51^JI (J 4 \lc Lo_o j^I jj^s *^Liis j-c.1 jJ-Li 4 _ijLq_uJI ^L-^*J1 

5 

t—j^^aJI caJj ^.Ls .J^s*^ I jiic. (jiui <7iJ I ^Ja-uiu jmiAj I I (j-Q ^L^*JI 6 j_4> cu jrLs I 

4£JljJ1 (3 4 llc. Lq£. 4 \ III jl 4-fl.l.S J V 0 _1 (J-C.1 i V\ 1 1 ijll I (3 4 (^jjj-O-uiJ 1 4 llo mll 4_sL^J1 Jj-Li 

9 

CjL^-jJ *\ ^Ja_uuJ1 jlj-fl-o £_h_i (j_Qj .J~i.fl.S 4 _i_uj^S 4-fl.i.SJ Y \ _i (J-C.1 jJ.li 4_i j)l» 11 4_sLU1 j^J 

l - f. 

.(Jmq <7iJl ^)J^S 0 / \ JJ^. J t4_i_uiJs 


s 

z'S* o^O*) 


^)-$_lij .^kl 1 6^)j^s J^lj P j)-u\11 du. /7i l 4_u)Jj (_>u J\-U±0u* CjIj) La ~v J^I (j-G 

(_)jji^_a_iLi ^j_o_i (l) 4 _Lxfl_Jl j\c 4 _i^)-L~ i_q S^-LlS J (J-^IUI p j)uLL-ll ^LsluIi J?^-uJl 

(l) L/uJaJjJI ilK J •(-^■) 4 l^i 0 v II jj_Q 6 ^) l^i 0 II ^jjLjlj ^j ‘(l_j) 4 l^i 0 \ II J-’iC J*l£ Ju^lj 

JA_1_3L_1 J^.1 (j-Q jl UJ^-jjll 4 _lLci£. 6JjC Lj pIj^JIj g-LLl (Ji_J J-U^lj ^ i^i JLU cJLiib (_2i.)j 

4 Q 1 L> 1 1 4jJ^_LI jl^Jjjl J^ J| (-=*■) ^ Ls c \ 11 (j_Q ^jLkJl Cj_ucJI jMllfl \\ J .g-j-ucjl &L~N-J 

•(jJ^ (J^ ^ 


YA 







6J-^1j 6 j-o (_J-ol^ ^ju^lj (JuI^-jljLj j-o (^jJl Pj <<kl ^jl 2 >-jj 2)1 I A -o * itlLlj £-oj 

jj*J J-ol^ ^J-jkJj (_yjl^-3t-jl OJ-2k-ujj 4_j| ^l) SjJa-flJI 2> LS-LK-o ^j-^t-j 2>J SjJa-flJI (Jj^-lj 

___ 5 ~ 5 5 

S^jj (ju^S LjJ ^cjjj 41*\ /nll 6JJ> (J^> L Q^ .(uJjJljJ Ij^-Cj t(-^.) 4_kfl_dl j\c 



(") 


Jj>kll J_3 ljJI £-o (^jljllLj tjxjjJ (J^-lu j-C 41 iJal allo 4jjJ_3cq 4_fl_xJj 4_3 lJ^S Çj.iAj lj| 
6jj 11 jJjj_ullS t^jJJJ-flJI IJ (3 1 j_3»_fl_LI ^ 1^> /II11 (3 jJ-UJl^—3LJ1 (^JI Cjj-IA. \ j 14 1 1 kl /1111 4 3t i^i fl 11 
J_3LjJI JL-U^ll tij-i^J 4_j jjJI J^I (JjJ*. 4_^J J \ * jl JjLoj pJmi 4 3t L->fl 11 jjl jj^l .4_»jJ-fl-O 

Sfcljj (_^jJI Lo .I_j-fl_fl1 (JjJkl 


• 2 >cll 2 >° 6 __) J-uJ Lt\l">-ci 6 i_/l i/~\ \' I ^)j_uD 2 )-° 5 ^j-u*> pLjjdl 




Jj-flj J 
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■LJjjjJI i_ ajL»-c. 



djaKII iiJjJI j-a (S V) 


4JLq| 3 -° jIj^I > /n 3 4_l£lL^JI 4_>J^Jl SJ-q 3 S^JLl^JI 4_*_sl^JI cJjc»_> Loj 1 c. 

j\Jd Lo.I'lo 4jJ)^>JI 6LaJI 4^11 6J-4> j3ij Ijll <4 _lLlIJI 4jJ^>JI £_ul^ (3 ^J-^ajJ SljJ*l 


S <>-S I I ^ / X'N ^ iS . \ /7t 


V* * jl J-fl-o-i ^LflSjl (J^ £_o 4 _lL> L^Jj^-S S J- 2 ».l^ 4_2i.j J jl J-fl-ai Sjl^aJI <L^.jJ ^yr\ fl-L-'ñ t jLv aII 3 

3 ^^)JjJI I j-A i_iLvC. 4JL=W 3 4 vlc jj) < ^~' t '*’ I-®-® I 5 J v * v II ^l <n~*.^il tcJJjJ 4^_LL> . 

tJUAJI i_'-L.fl 11 3 £jL 1 Lo^ lL_l> 3 I J-® S^)L)^JI 4^w_) j ~ * ® ~j I Ijl^ .S^jl^^JI 4^.^)j 

t4 * QJj-q jJjj SJ v x v II ^l tn-v^iLa .4_>LaJJ lfll"vA_cv LlLc. <■_Ql"v-L-o j).^»-'v J-C. pjpAll «■■® 

.4_>J^JI 3 ^L * 31 jLLxII 3 4_L>^JJ ^l 1 Jl^j L> 


MH'r) 

i uL 3-° LLULSl 4 v v*v ñt > ^TLv ~^.*JI pj^-ltJI (_y~v.ua.oJI ^jjj 

S1 Li~*. I ^jj^_uO I J_4> (J.& . Lll±c. I jys-> (_y3J-Q-flJ I 















ch® ^JL. 


(>J£ 


jl^l (u) 


S1 ^.1 Ijjb (Jjjs • 3^3^13 


i.sll 


1 J 


.Sn ^ p^au sj^i 4jjSn ^ijJSii 


^Lu^L 4_ijjli 

(ju>.j <(8jj-iJI 4_i_j_aJLi * "J ) FOCUS 4_i j_il»_j^!L> Ljsj-ojjjj 4_i_JuLo icjjjj pl.5 <7il 4j s Jii (_£j\_<lil 
4_i_il_ll pLlj'JI 4_>J ^uj_> (_£jJI (jL-LI 4u*J» *^-flJJ-fl-i 4_ilc IjJj t^-u/JI Ijjfe IjjLLL. 1 IjLL ^.AjJlj ^a-^JLuj 

where the sons raise meat <uLtf&l SjL-*JI iijul^L 4 _ijji ILa> 3 j) J^l C» 

S ç . * {. 

jKJ .1 where the sun rays meet JliJI j^'.H j_c £A,,ñ jl I .M J_aj I j 5 U~. jit 

(.«SjJjJI» ji-suLj 4x.jj.oJJ p ^ «ii~ CjC-L*. Lu5> Jj_qj t^jno ñiJl 4 x nil 4 _lS ^jJI 

(cu-LjL 4 jJ ojLI L^_j ^_ujI) ^ jaLj jju»iijjj 


4xl^u ^jL'oa JLujLc ( \ 0) 

CjL^-j J S J_3L_> _Liji 4_j jlj-J 4x1 ju 4_C j_L_2Lq 4_iul_o i ulj.^. _k^J j_o I c-j_L*JI (Jj*.j_> 

6 4_<jjLLI j-o juj^ pj_uLJI ^jnK 3t \\ jj _i_a_ij .4 \ 3t 11 LII ^Jjj^jJI 4_>jlj j^X 

S^ljU-uu (_^JJI Lo .Lluxl jjn-i 4_jI_Clq jj^-I i _uL jA-C. p j-L-JI ^LluIi 












•Lijudl C- 


<jAu^t t ■ jjAJI SjLx-I ( V\) 

/iu iTij IjS j 4 ^ Lx JIj^-i CiI j juli j-oU 4u_ujIj J jjI J.n jI J^-3 4^ N ^l-C. 

1 (j I u~\ <3 (^xll jljJ^!l J i~>-jn Sjlx| (3 4_ixj JX ^l jAIi mI Li*>5Lcu 4_jl_i jLfil (j-o Jjl (_£jJLo_ij^. 
4 _i jLK-ll 4.1 (iij’t(g II 4 vlci»Jl Lo .(jAv.il Pj-u^ ^LlU Jj^. 1 (jQ ju-O-mJI j-uO >— Li_Al jj-uujLI 

S j_o*J I IJX j i_L~n- i. 1 


. ‘' I" j '^ ' J i*l * P 1 Q 


jLU-Ix jjJI pj)-All ^jAILluI 


jJh 


(IV) 

•<J 6^1 Jl ^l olA; Ls^-l^-j JJ-^J* J^ fj^JI Cs* £J*J J*i 

Lxj_ij-o_i (j_ijA jX jAi.il pj)_uo Sjj-u^ (Jx 6JX jljJ'JI 4_a_<.uI ^.i-o.'n.i SjLcJ j^_o_i 

S jjjj5v-a_o JiLcuo jjLu jo jX 


Jv u»tl Jjj uali (1A) 

IjLLj S j^l »>^j * 4_ijjll Jx J-Ai.ll jLuX-S (jc^Lk-uu^jl jlLulII jn-Ai JxLlu-1 IjLL 

S jA-JI jLuclS J^jJ 4_1 jj-ll j\ ni^"l J^-l (J-O 4_3LXSj i__) jXj L^_l ÇjljLAl jlLo_i 


. 11 LoLou JuLi 4J^ 4_j| ^ (j fl 11 jc ç\ ,s-\ x"\ nil ^JLxJI Lfri *>. ni \ l (jUI Çjl 0 u~\ II jl^l 


j-il ) h\ \ )1 Cj jJI 


<4i A fl*\.ui,Q <4 jjjkiA.jui Oljllaj (N 

I _ 11 /nj .LlXJ 1 I _) A 0*1 / nl 1 P jjAI I -A-CL<; Jo l l Jlv 1 -~N -1 4_o_o_u^_o 4 l A 0 l mll 4 l n\r> cn II CiljLAl.ll 

4 n\Z. X ‘lll P jAl 1 4-3L-Jul^ 4 n\\ 31 .111 4 X ALmJl Ç-lj-iAjl i_ X lcl jl jX (joiljll &L~\-l*Jl IjX 

1 V 





jl$J*JI ju (ULc 


(Jlflu l-l£uj .1iJLsl 4 \Ja^HxLLO jj^u 4 .ilM 1 ^Luiajl1 j-Q ^jA x \ 1 1 (j 4 _j jlj-o jj^u 

.tlilj Loj ,~'lo /.Nlj plil (J-Q 4_J_iSl I Cj 1—f-*J l^_3LJ*J I j-Q Cj Ij LL~1 ll I bJJb 

t^uiljJI 4 j^jJ V* 6jj5 i _ S Ij-~n- >Lj ^JaL^. j_~\_i J-C. 4 (j j_o ^u-ouJI 4 _ujJ_3lJ 1 jl (j^j_flu 

S fcljrLuJ ^UI La4 


Lq_j 4 \ \ x 'c\ g-lu j ioJLs ‘4» \<KH 1 (j \ lc. ^jlll 4_i_CLi£J1 4ij_*_o g-Li ji_Q.l1 4_o^_o jlu uLlLc.^! 1 LlaGJI (jo 

.4_»_jj_LsJI jc. 4J jiL 


JJi 


jLlaj^II 5ja (T ♦) 

*. _ Ç. £ 

i wnLVL1L _\_jjp (jl 4_ijCuJI (jljlJLi 4_u^LkJI jLucu'Jl 5_\ ~*. jL JjuuJI 4 _ij_Lj_i L jyk-j 

(lj_ui_sl) J5l jj^u jl ^JLLLi SjJ-r^J.1 (J-uU_flJI 4ujlj jl (jj * q.i i^j^jll JjJaJI £_q 1 _wn*\ C. 

p. ua 11 4_ij^iuJI jolJI j!^J .j-oci.'Jl jjJJI CjLu*j Ju LLq Jjj^t 4JL=^ (j 

OVl 6j_LS ^j^j_q (JjJ^ (J-C. j-.A Vjl jjUI 4^.jJ _llc. jLuCu'Jl S_lc*. Sjjj-i £-iljJI (j 

S(j<LslujJI U_4> i_11 uj Lq .IjLq jllu 


4-ijjuJ JaLfij (V\) 

4 X L S (J'bLL (ju jj_ 1 _U I 4_L_flU (_£jU «du I jJ Lo£ J-\UJ ^ UU (_^1 jc. jjuJJl c j-uu (JJJ l^_3tU I 
tjLUjluJI (_^1 d /nlj JjUiU LoiAiC- JlLi cJJj^ Sllii jiu-flu >—Li5> .6Jj-Luiu (jjJjlu (jIiLo-S 

Iju^luJJ 6 L^u*J 1 (j (jjJ_iluJI j-Glu cJjuGu 


^Sn^^it(vr) 

^-Ls ^ljGu ujIu pLuLuu 4 _Sjj (J_C. (jjjl (jjL B u_SjuJIj j-ou^-l jjJu R u_SjuJI > Li 5 >I 

jjJJI J~JLs jj-ou SjLq (_^1 t(jjUI j-ou ^.1 ^_ujj_q jyc. (j\_SjuJI (jul_ 4 i (J| jJiul jJI .jujJ - 1 

SliluLLs .R u_sjuJI (_^ju L^u-u^. .j-oui.'Jl 
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-Ljnlflll l-uLx 


.4-LJ_aj ^g>iiflj Ll jJ-flJl ij-*^ t4-laJ-mJJ ^uljjjl ,J-C. J Ll_a£. 


J->1 \ ni \ <1 O^JI 


et-Sjjj ( rr ) 

CxS^JI (3 ^ ^ w?>II JjLuLjJaj-A tpLs^j (_£^)^J1^ pIj_qja. LojJsljj^J Oji ^- J iJ-& 

S 4_S_LC- -V ~N. ~N. 1 | 1 /N ^ 1 1< /7t 4 j_i£ 



hj~ai e^AJIJjl^l (V£) 

tu‘i 1 1 ^J-3 ^ I J ^ 4_ul_s^)-^ ^_ul is\ C\ 4_j£-LLLs-u^I pl^-ucsl 4 ntl6 pLuL_q 4_S^)£. ^ dulj 

^)Ji_slj JJiJI ^l ^).u_Q-mJI pj^-s-s ^^)LkJI ^l^ (jlusl dilJ iJ-3LJ .lJ_uju'J_q jl^JI ^)Ji-sl 

StJUj ? ^ljr\_uj ^jJl Lq t dLxa s*J_o 



Lj'iJj' (?o) 


. i II \ o\ . \ \ 
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ul$J^I Cy* (ULc 


t4 is ~\^ 4-oiij .dGiiton jjjjudl ^_ojI 4_jI j-jJI (3 4iiljj ^j-c. j.lJ~J^ ^ Lc. ^j_i_/ujju jJI . q/mVC I 

.^_lu*J 1 £_Sj 4. ''t-X \ ^aj jl JjjJjujJI ^_lu 1 (J_C J^-C-I Jjjfijjj C,\ tn\j| jl^ (Jjiiu tLg.l^t-u^i (3 ijj^-tluo 

^vo*j/m un< ‘Rj E t4_jjjJ^_j)!L 4o/nl Cy (jdj*J1 (j\_sj^J1 (JLL.j| lj| 4_jl l 11 j j_Q *Jl_> ^jrLsl jJsj 

.deuteron jjjuj_ijJ1 ^_oj*JLj sljLll 4 _j_q_luj opL^. LIa Cy{$ i^_tu*J1 


j\Laa_a _/uD (T"\) 

, ^ , * 3 j 2 ^ ^ ç. 

^ J_j_j CjIjj-LJI 6 Jj5> (J > ^ \ LjI (j^_oj ^JUI CjIjjJl Cy° jjA_ojC ^jJI 4_3t_oLU1 P j_u\11 4 _jl_uu1 
4_1a£. jGllll lj-4> 4 jJ)j cli\5v_o.j .^fl-Lfl-aJl jJ-*_j g-1 ts\ Q11 (3 Sjj^j-o L^_j1^j 

o _• _• ifi p p 

^l^io 11 jlSI L^_j jfl 1 -^j ^pJlj tcd jL> 4x‘j</^> 11 ^j. j.’j_o jJLll ^Ij-JI ^ l ^au jla_jJI (JjLd. ^j_o 
Sljji jj£. 4 Jj p j 111 11 4_jjLj j-J-flJI CjLj 1 o 3t JI Lo !^t_la_LuJl ^J-C. ^C-flJI jjC- Cjjj ^Lfl-jjl ^J-C. 


oydl jj (rv) 

^jJI 4 _jjLj j_j_flJI 4 .j 1 o x 11 Loj S jjJJI g-LSjj Lj j-xC. LjjJj^. jj_jJ jJjJ. 1 jj 1 Q 1->*JI ^ lA 3t o dJ_o_j ^J 


• jJo-i jl 1 >\*\o \ Lo_o i _>jc1 4u1 ^Ju ti_>_t. 

u^-j jJ^-> Lq_q i _>jc1 ju-jJ jj^JI jl (3 ‘*1 ~'1 *J 

jUU Qu\ 



dj~o i a (jju^La ( TA) 

^jLLJI jj_o 4-jJJa-o 4,j.31j jjjluILo 4-3j-LudlI 6 j_o-'n- 1I jlj-^l (3 (J^J-oLjlJI ^_iI>j-> Lo SjLc. 
jj-i_j v J_ll 6C& pl_L>jl j J_j_J- 3 tSjlj^-JJ \ ~v (J-upj-o jJJt-ll jl Lo_j .40 \ 3j 4 _j_jJ_3l_o 4_fl_j_la_J 
j^JLj'J-ll J-C. P J_ldJI JJJ ld_3l—JI j)1 jl 1 4—jJ Lo-'*S- JI gU^Ldl pLLLLuuLj Lo_Jj^ (jJal-oJJ LLsL^-O IJsl 
9 S^j 'j 11 Jo J I 4_i_j J x 11 (jiU^bLl I ^ o aj ■ Q . (l^j^u-o 'j-ç-l^o I j a. 1 a. s 


io 





•Ljucll C- 



in an ijl (j, »i*ij pLa -u JI (V“\) 

£ 

(jlu OH/7i \ lj.ua pLo-t-uJI j)^J 4j3jj 1 _j-ixoJ jLutil m0.\ 11 ^jjL» 

ç. p & Uj ç_ 

.j-ou^jll i_SjJaJl 3"° J^l 4—jJLx-flu Çxl/n \ \ ^.Lua-mJI p^jJ-LI t,_Q.\i"\.ll 3c3*^ '_S^JaJI 

* ç. 5 

4_3tuljJl SjJLll tJajljrlil qj jjLLil Lj l_u£j_il u_9jj-3lJJ tljji (J-^l^ dl /n \ JjLjlj t^JsljJI 3 

P S< i[ 

^C. Sj-O S^JllC. Ca >[1 CjJj 6J jU LLJ £■ J-tAll cLo.jj Çj-LUJ-J Cuu^. 3 t P J-UJ I JJjr\J 

£ 

pLo-luJI 3 ^-jJLsl-ClII 6J(j \ 3c3*^ Pj)-u\ll cLo. jJ dl/7i \ £_oj » j Q1 p j)-u\ll CjL^-jJ 

3^1 .6j_Q-~n-1Lj 4u_uijk_Q j-u-o-mJIIj pLijj pLo-aJI (_£jj LjjL-S tplj^JI cLjjjj^. 4 U mI jj 

Pj-u\lI 3 _q j \£l J JJj 4 J ^jji.I Pj_u\lI i_S.\J~) u_ajJa (J^-S I 3 IjJI j, ^ /nQl \lI P j-u\lI 

SjJl 4 \~s jjx 0 \ \ pLo-luJI jC\J IjLL 

4 -ujijLq_q Jj-q Lfriio pLjj-oJI 

IdxujLo-o pljj (j-° u_s-uull jjjjJ Ua jl Jjj t4-4 -u jxJ.ll 4 _lLaxJI ^uLuJI jCu Lg.Vc ^ol) ji ^-jiaJL 

.ULI 


jUl)li Jjl /n*\ \j 


®' jrusjJjlj (V*) 


ur^-O-j (*'"? • j^j' JJ^> ^jj^- j JJ“^ CjLuiJj Jjjl (>a ji-ojjjlj jjdj 

4-jujj JU .4_iI_3lJJ (jUJlUIo Ux < 3 3^ ^luu^ua 3^-*-^ 3^- ^Ujj-Q 

p- «5 ^ $ p 

1 1 lcl jn ^xj j iA 0 q jcs.j!l i uUJI Lo.*\. u\ t j^-uj 3 g-jp^ill (J/’iLoj 3^3J1 J^-tul i uU 

«* 5 i 

3C. IJ \ X j pljj_iuJI i ulj-^JI cJju^u tpl 1 A \ <jAj*. çUujjJI jj Jj .4uJc. J^sUuJl P j-uL.ll 





jl$J*^l j® fJLc 


(j_Q i \ 4JLU&. \ ju^ LxJ I jA 0 11 i ulu^J I . 6* 4 011 ( u IIjuJI cJ ju^uj £• j-i^JI j J_u3»q 

jj I j-Q JI i uLJI 4 \ /iñ*\ s Lq ■ Q * .A j.-su J~^.IjJI j jj j-flJI (jn*S.C j\c ^au*. jj I 

cJj-'^Ti> jj| I^Lols .^_^jJI frL-sul jJL» (jul^_3»u*Jl *?ljLL .jjjjiJl (j^Lu^-ual j\c. 

Sju^IulLI ^luiu'JI 3 jrLojjjljJI 



Ijji 3 jj>\. cl* 1> ^oII j*i! t4_ol_\A."\_/x)l SpLujI^ ^o a->II j^_oj *i! (_^jJI jl^oJL ^oiiu U jj^j *i! 

5 % jiP t 

. jliu LojI j-o*i!l 


*r dj^ (r\) 

jl ^JULOJ i^.Lo'JI jj Jj cuLiu jJI (JjL^. 3 jrLojjjljJI j_C. JajLmJI P J-u\ll < X \ ui"\ \ 

3 JJ j-i jr\_QJJ J1 jJ I (J-*Ui. (J^_a 11 (j_Q Jj^ .g-jX^Jl J J_uU_Q (jc. Ji \ \ g-l Jj-mJI ( ulj-^JI 

S ^-^.L^jJl p, /n-h 11 ^Lls jjJ <ju£LjlL 1 <iluiu^!l 


IV 















frLjAflll UjLx 


CjLu j-o (JlLo jJjj Lq 4aLs pLijjJI pLq_ujJ 1 J 4 -s, i/~\ llj ^Lqj-q '"i jlo^u ju^. 

jjcd jjLll pLui_uJl ^jJl l_j*iLL. ji toj\ * is~\ 11 ^jj'Jl QJjS> ^JaljJI 3 j^J ■ g-lj)-g.l 1 jyc. _Lu bj\ki^ 

.^/_*J1 4 \ <7t j\£- 


*pj iAII jjL*„-j^JI (rY) 


(J_C. (J-d J l_l_3l_Q (iJlj-LC. Cxil^ l J^j t^JJ-^Jl 3 (J^L^J L JJU (J_C j_Q 1 0 l<Q*J LLlI J-Cxl £^jjl 

(j\_) (J_L^l_flJI -L_jJI jI_U_q! J_C. CiaL> jjjl ^ 3 ~ u ~ ) j° L3_Aj ^*JJaJl (3 4-»JjjJI 


jjl^l 1 jjLSj j A»j tLg-lic. 4_Ll_jjj_flJl Sjj^UiJl jJ_3*_c_jj .^-^.L^jll ^L> <nllj Ja_>jJiill 

S J-Q*J 1 jiLLfl_> (_jjJ 1 4_L Ll J-Lflj I 4_lLcl*J 1 Lq . P J)-u\ 1 1 (j-Q 4 _iJxq j ^jLLJ 1 (3 Li jlU^ _1'lC (jJiaJbAU 


.aSJ jj 4 «il i/-i L^jIj 4_*_llLJ1 (jl jl t4_*_lL_LO_Q pLui'Jl J^ 


ojL^ o^Lji 


*jiiA slj-a (JaiICjuI (yt) 

fÇjlul LtQ*WH*Jlj LljjJl (J_Q 1 (3 \ lc. Ja^LuJI Ç J)-u\ll jll^ X.S J)1 4_Jllil Sljll jLu J) -0 

5 i_l^-JU (jl jil 6 JJJ. (j^_QJ (J_4s . Jll^ > ll,l ^LxulJI J3.I J 1 (j 1*\ 4 J Lkl I i__L& Jj Cll-L^. 3 

(j^Lo_) L^_il wi-ci tÇjL&L-v-ijl 1 J^ 3 1 (j Jc- J^flLuJI pj_u\11 4_lj J_a_ll Sljll jnl *j I^lj-oJj^ 
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Sj£ 4 _Lq J jTo (J-aLcv (_£^Jvj|l 4_a^JI J-C. >jj LclLu <c-Lq 4_i pLcj J)I>-q ^_i_a5s J-o-rvTi 

c.yi-^-i JcUJI jl-Li (jJJj -i_x_i .jjLlljL xj-q jjili^JI .^J^-raJI jJvJ) L.i~v 4 _L_ujIjj Lj-u-icv 
f uj j)l>ll ^Ja^s jjl ^_lLIjJI >q .JxiKJL pLLI <3 4_aJ_3»_ll «Lj-i-i^JI &j£JI j-dJ 
J-C. 4_3 »_uLj (^UI JLLs'JI JiijJI Lq .Ljj JLl j\ u 2 l 1 xjj J-qLcvJ1 L^-i ^jJI 4_a^JI Jj*J 

Sjjljlll ,.\\x"\ uu ^ 4_a^JI 6J-4i 




OA 








































2u±a ^JI icLuiJI ijlius (Vr) 

JkljJI j_kflJI .i al Q /7i JjLlll» JaLJL 6pj.Lq_q 4_flJjLa 4j>ljL jjj I J_C.I 4-iLoj 4 £.I_oj j)-CL-Li> 

Jiuolj J^C.1 4-flLcJ JjJ illj-'^ilL 4 »lLqjJ1 4-C.I /m 11 ^L <ii 11 LqLq_> ^_Q^_> Lo_> j -io^ 4-jljL /n*JJ 

J-qjJI </V> k£ nit jl Jl^ ^J-flJl 3 4-lLqjJ1 4x.LjjJI J-k_> t4-jl j) L> / n*J 1 t_j-Lfl J>C .4-jl j)L> /n*Jl 

Lq .J_C.*i! pki> gUjj'JI J 4 -lLojJI 4xlLluJ1 1 J-lLoj JjJxC. .J_£UaJl Pj_^JI (J L^- 1 Jj-^j-ll 
Çj-o'JI j-uj_cG ^pJI 4 -LLjL flJI CjLlLo-xJI Lqj SLlA 4.i-O-kiLI 4Xjl_fl_U 



jjJJ uJLj ( v£ ) 

. £>J-£LXQ jjJL J^JJ jri-liLo o * ♦ 4oJLau £-*-3j J-»jk JxC- (ji jU^ JJJ^ Jklj 
lU ^ JklJI P-j^Jlj ‘JjjJI L5^ k jkxi^ JjJLJI 

S 4-iiC. I Ll^J JjJLj jjjJ ^.L\ ~L*> auL L-& JaC. 


0<\ 













J^ 1 ^cLAi.ll 4 _q_^_£lLi Lq_q JjjoJ ^JLslJI I S& j\ (j fl~l \ oLx^LjJI ^aJLc. Jjl 3 4_fl3 J_C Ç.wnl 

■oLl /n^k II ç-L^J 3 tJ-L^-sl — Lq_»^j — 4 _jI ^j_q*JI 3 Lq 

jjjl jryai 


Ji ijLLsjJI jjal^jill AjLsJLujI ( Vo) 

■ Ç- I a" .sM I SjLLo Jj_Lj L_a>1_LJJ 5 j^-X 4_lL 13 (_£j 1 ^£- JJL^. 

3)1 4j^.L*JJJ f_=*Lil JJjLkll ^Lini iaLkil 3 )-° 4_ijJd_a_s 4 -*■J_Q 4_s jj 3 4_j j-wiJ 3 ^^ 

4 Jw 11 11 4_LL>-flJI ÇjLlLoJI Lq .^LflJI J| j-\_uLs CxSjJ J-vi^-i (_/^lj_iJl J_x_^. 3 >_ aa-ujjH 

SdJil 


AjJjI jJS, ( V"\) 


^%jjlj'JI I(g q \ t3 (JJjjJL ^L-a-L Sp j)Lr> S/\ 3> SjLc. La Jja-^JI jL^JI 

««»• •«« p. j $ 2 ç, 

jliLol (J-C. L^JiL^o 3 3 JJ-J iC.tuv_\ j^jil 3 4LlJ-L- ujI u_j^j3 . 3 ,-aiJI l-^i-^L 3 

^LUJI 3> J-L I J-flL SjJS J,3t /Tu ni.l J.tVj 1 ( uL iulJ3 LwH*JI V >L^ Jcv.1 .Lfl>jj^.-v_0 

( j^jl_fl£. &L^_jl 3 J3*£ Ij)L /1 tJ-XA 3 ^J-*-ll L§ JjLlJI I X \ n\\ \ «pLLl ( uL 

Sli^ 3 ^LIj L .g-L^j-fl5s_ll jJ ^_q (J \ * n\ \ 1 jLfr-JI lii ^IjLJLujI pj_qJJ 3^_qj J-°j i4x.LJI 
























4il_tA| tjJ-cuJI plj jjs > Ukj jjs JL^jJ^Lc jl£jj ^£L^-o*^l ^_j_u-LJI ajAj LoLc. jv * <iu jj_o 


J_s_) .(_jAjj.II Sl-Sj (^-clLc. Jj - Aq > jiajjlj t(jjl_C <A (jljj-o J-C. c4_j J_cALi Lo J^j 4_culji J| 

Jiaj t(^jJ*il 4_^.jjJI J| 4 _Cj_q_uj_q 4^j Ij J-uO-o (jlj_ill j\Ij j_o (jACl~v)I »j (jAjjll Jjj CjLc.Luj S JC. 
4j*jj £_Lvj jLusljJI jlJ_fl-o jl (j_o (j.E.-v’vll ^j jij .4 _ijLj J-C.'il Jl^ Jjjj (jl (jjJ ^_iAjJI Ijjfc (J-C. 

djj iSJ^i Lo (j\ ;5j3jill 


J% 11 ) fl lj'-l 


a^jjXi dxijjji (rv) 

0 i / • e \ ^ 5 

(J-c. (jl a Jj ^ t(j\_j^L xulLo j^_c. (jj j_U_s J] ^ jjljLolo jL^JL ^lj j^uLuo Llc.Lfl_a o \ \ 

l5jlj «cdJj J_a_s plI (jA.J-0 J1 a \ .T u_S^j^. JUuiu J-C. t_j^jjj! (jdilAlll j-LS^-LJI 
Sjjlc.L s_qJI (_]A.Ij j^Jsl plJ^-Ll 4 j^j_^. £_sjJ.) (_^jJI Lq .jJJ-uALo t jJc.LLflJI 




4Aui (va) 


.Li.^>_U c-l^-^JI U x t A 4 U idI^j J-cjLl JjLuJI £-9Ju t4_udLo 4 U /ul ^j Ui /?i i j^/Olu Lojjc. 

L^UJlJ (^^ L^-VTlS J-C. dloLflj] £_iA tJjLuuJI JUj (_£J^-OC. £_uC^ J 4-u2>Lo £_lA jjl 

!i j x 11 Lj .^_ul^JI ^_uci^JI J Ig-L^i Jljj *J cjjI ^ JjLuJI (j_o 4_uoLLI tLLsJ_o 

J SjL* (jL-cu ^l (^t^5_o 4L /ul ^j L it L_Slj JluJ cJ lj] .4_u^l_ll JUj JjLuJI JJAj 

S 4j^ J-^. 2 _S^jj (_^jJI LjxS tJjLuJL J^-flJ--^_ i (_^jJI P j-'j-ll 


















Lc Lu Jxuilil £_vlA j .j^l cGUji ^avvKll JjJLll jK ^lil ^uLuil jlA ^ 
J^.Lu J-Cj .4 JLl£jJI i3 4l^j_q NY JIj^. ^l ‘jljv ji cjL^jil (jv_> 41 i^LclII SJLflJI jjAJ 

5 c- 

^jL^JI Jojj^-II Jj t 4 .S-v-^jJI cjL^.j_q A j~s_i oU.j_aJJ ^ » j Lll jjjrLll J-u^v <IL\SlI J-~>v.^J .1 

jIJ-~^.')^I 6 JjJ- iiu 4_^.jil CjLuo lj|j .L^JjJs Y jc 4^jil ^LfiGjl J_j j_v *i! .CjL^.j_q V Jlj^. jjA_v 
L^lc. j'oj 4_aJLiJI ^LvjJli . ^LvjJI 4 x.j%jj i._4-cn‘v 4u^jil ^-LfiLvjl jj44 _qLc S J-C.LfiiAj j »< 1 ^**" ■■■a 

. Lqjj o * ^u^sLll L^cLiujl oL^j-q jvTv <n 4-c.l /nJI J J_cQ N * * 


çSjL. 


jUaiu (r^) 

JI Ja.1 mll cl^^JI J-ila Ij-a L$_i Jo_*_j JlJI 4_i .0. v5~>_ 11 ^xjlLll 1A X 6Jjjj (_£jJI j\ <n 0 A 11 

SjLIj Lo . «J-c.'iI jJijjj ^j^LtoJI plj^JI» 


^jjLLv jKil jl jJ Lo£ jjl-luI W 9 Lc^.’v^j <Lq^_q^sI 'i! i^JI oLvjiVj 4 >> ,,.\II ,_^l 

jl jJ LoAj tLg_tuLi£ (G_v 4j^l_LU j■ 1 1^~ jl ^jAJjUJ L^_*_uS>J -0 (3 j'jfl"v niLil jc. j^_3U 4 * ^. '‘s 

.^IjjJI (J-C L$_vlJ j-vJu 4 -*_aj’v-o ÇjLvLv^ oljjJI 

(_>^l Lf^ 


4-uLcjjJi 4-uixi oi^iiii (y ♦ ) 

J^.1 j_o L_vji_j 4 1 v L*v jjl lo 4_uCij aJLxu-o ^JcslJLo CjIj 4-3j /n^ -o 4 _jjLo LjljJ-S jLoJjJ I ^Av 
4 _Lv jJa J£l_u3v dJl_j_4v Cuvi^ . jxvLlll Jl^ ^jj-LI j-o l_SjjJI jjC. JLIjJI ^j-fl-m j--s _v c-LLI (_]-£lv 

fiJ U! 

jTv-v ^AJI 4-v_av5LlI jj o o v v jL ojjJ 1 jjJ . jL j jjJI jy£- CjI j‘) 0 11 6J-4> ^aX.J j 4_Q.15Lo 

5 p. 

4JjjJcJI 4-oC.ljJI J^L^JI 6^-4) J^ j-o (j-o-LLjJI ^ (jv^v ^v v ji^ t J-uL^I 6jj-u^J ^AljU L^_v 
ljJ -^_0 J x ,S^\ jLjjJl Jl^ JjAj Jll.V-~N- V i J'iLJI (Jj^ (jJij^!l J-C. 4 _flJ_ 3 L O uJJjLvl jjJJJJ 
t 4 _L^jJl jljlol J_c. J'JaJJ ^LclvjI J^c.1 j£- 4 -c.liGjl jjJj pLLI j j_u 2 uo ^Ij Loj . J'JaJI Jjj 

.4*V(j -^J j."sA J-VjJ^J I jljlol J_C. pLLI Jj J*v v n\ 3 

AY 





(j-o Lc.liGjl J-c.1 jJsl^JI ^ ^_a> jjjJ-JI jIjIaI J-c J'iHll jl j^ji-s 

S4_flJ.3L.tl Ç-Lll (—J. 1 > Lj I 4-0jj-vco Jo X J /H Jj 5> iplll 

(n) 

LoJ_u pLIIj ^ji-o^ )j (l) jLjj^JI .J^_tuJL> juo jj5> Lo^ 4-LLoILo u-jlj^l 4u'iJ £_uLju 

(i >) > i j^vJI .ç-Ltl (j-o I o(j JxS JfLcJL Lo£ ^jl X tS >ju ^au t4HrsLj ^jljj-oJLo Loj5> 

^jj^.| 4c.j-o.'^—o 4 -oj .4_Sj->w 11 i_j_j_l_fl_jJ I CjI^jI ,j-Q J-iC. 4 -L-ujIjj (-^) < > j)5LlI J-C J.jHau-o 

t->a o Ji*JI J-C. jl) plil J-fl_J Llib ^Jj^-jJI .4jjl_kJI J-C 4 j^.Lj-o i _uLfl->Jl oljjl (j-o 

L>°-^ ol J-C- J •(-=*) Jl 0) VJ^ J-° (*LU 

4cflLuLL!l u_u!ajJI CjIjjI .I(g ^jr -^-J jl (u_j) u-j^JJ 4_oC.Idl <—j-jJajJI CjI^jI jl i _ill 4_jJ_j_j 

.4_oC.ljJl CjIjJ^I ^l i _>l^^^ll (_)-iaJ> L^-j^Lo-j jj^J tl_^5 Lj^-^>-j j^-o_j 













pL> jvall i__ul -s. c. 


. jljjl <JLo* l-JLuJI Ls'iLc. 




jlb)!l iaJub (rv) 

5 

j_Q j-Q.~s_i [ 1 S ‘Sjl wnII jjj Sj 1 \ m 11 jl_L| Jjj^jJJ iaj X i/^iLl c-lj^JI 

jj q 4J_ucl^J Lo£.lj jLL^I jj^-j LoLlC- jlla^l Lx i^i ç jjllxSu jl *Jjl cJ.\5Lq-> Sj£_oJl &J-& 

ji l.->>- > <cJjLlaj!l yLsJLj 4_3»_s1jj j^j*J1 j£. 6jl \ /ii 11 £-3j L.\5 Loj cJJj . Sj 1 > /1111 jjj 

Jj*\ > AU (J-& t£_U^jJl 1j-& jLla^l L X lA Jll > 0 > j-L^. .j^jjll JLLOJ J-3LJ ^J jl_L)l1 j| 

Sjoplj-flJI ju (__ajLLLl ^l dJllA) 


4_>_L^j'i!1 Sj^JI Li/>i j .4 _l/.u^ Ai. 11 ^j^lji^l ^*\1 L^j*^ ^((icLaJI ujlL qL^jI (3» cjLLuJI 

.((4cLuJ 1 uJjL-C. 6U-J1 )) jSll 4jq /iij (_^jJ1 &Uj^l j JH-LJ1 JJ_L> ^JL-aJI 


* jj ajt.iii (rr) 

P £■ m m p 5 

4_sLl. jj£ J_C*J (JJj-tuJI (J-5_i (J^-1 (j-Q 6Ji \ x j 4_L_jjL 4_1qj1 LLq Jj Q > / n 11 ^jJLLul 

Slj*JI 6 J-4> ^lJjL jxCjj . LuO Lfl-L >I j">5J ^jJl/ii q (3 J-^-1 plxj J_^_J (JfiLaul tplcj 

4j I jJ.lL-1 ju LJ 1 j A X J J t J<2>1 I fl iijjJa J .JjjJ^JI 

jJ Q > /I111 (_J_Q_3LJ jl j^_QJ tdilj £-QJ .P-lj^JI JoJL^a (JjLiLi JjLoJI (JjJbLLi t j J Q \ /1111 JUlj 

jj q->/11 jj j! IjLLj SLSj^. jj q i/ii 11 J-q_3lj (_Jii5C !£]IjiJI (3 


*(jAi^jdl pLU jiLiij (ri) 


jj5L t4uL>j^ j-Q c-LLI LL »i-v j '»_'/HI (jjj_> ^JJI ^jLuJI pLLI ji>La>j j|_q_3lj jv^. 
jI>l_a>jJ1 jj5v-> t >^ 3t 1 1 £_uCjJ1 (3 .4jQ ^jLkJI ^LLI 4^j^J 1 /ii^ 1_X_Q jljjjJI 6 L~n- > 1 


M 





4 wmlL> j £_5jjj Lo .CjL&jiJI P'Lll £_S J_> j <pLll j- 0 3 Ijj-ojLq 

S4JL~s_11 61_u& (3 (j^>L<ijJl 4 ^j^. aL^>l J| 



*<Uiom pUI ol^^(ro) 

LijJJ 4 X.j-ujj jJj 0 -o ^A /7i^ L> <n jaX. pLLL IpJ)-Lcuo ^jilj jCIxuJ I j_° Ljj^ O-S-SJ Ijl^ 
^Lijjl J_C^! ^_3 Jj_) pLll j_q CjI(_£jj jl j1\5Lq_> 44_uLj j ol j\-q ñ \ <11 ^ * jrs-> 

S ^Li 1 I j-4> uj l j LL .1 IjLojHIau Y * 





£_jljJI J_UC-flJ1 


(Jlj-utl 


<11 11 4^ JJ^. 1.^0 »J ^J-C (J_Q_3LJ iJl'.i.-N-i 4x.jVLo jkj 4_OJ lli I (_£ ji lJ-Q-3LJ j I 

tu-JIjia-ucI ^uVvj C/JL-n-11 jA» j J .4jLcj J £jLLI 45*jj*. J.\0 x j jl £jLq (_^1 j Cxo-ucJl 
Jj-£Lj J^jLi ^j. tn jj^. j-qj (_J[ *-J J) 1 tli 11 J'LuxlXjJ 4-la-LAUjJl ^j'JI C/JjL-s-J 1 jjJ^jj Lo 1j-ij^j 

cjLj j--N-\.ll (3 i—l^ 1 ~^-j (j^j. IcjjJs .IjJLc. ^(j o 11 (J_c. SjciJI 

. 4_JJ X tS*» 11 ijj \ ~y j-° l_3LJ jM J iJa.-S.\ JC.LuCJJ (2)1 


j Joj-uu g_$jj 1 \ \ x"\ i 


d i <<ilj oLil j uL j dl~vj (\) 

(j-ojJ! ‘ ^Luj-a. J^-^Jl (2)-° t p!j-^J 1 CjIjGL ^JjbL^j uilc. .6 j-clj-o ( _J-C.'J uia i SJO \ 

.4_Sjj_3t_Q ( J_C.'JJ 4_jjlJjj'Jl 4cj-uxll Cul^ jJ 1 _Lijj_4>j 1 Jj_3t_uc ujL'JIj i_jLbJJl 4 _L*jJ ^Loji.'JI 
j^l ujL'JIj ujLaJJI 4Jj*j j-°3 <1)3^ wn< ^ tjLilc.'Jl (3 4 j^jJI cjI_/vjIjJI L_3t_uqj lj| j^-l 

6Jj-3lJ1 4_L*j (3 (_g>A 0 \11 CcSjJI SdJj^ (JajjJI tUajl 4c uj p, m II cJjju i x \ /ii \ 

S ( J_c.'JJ uj La JJI 4Jj*.j (3 a \11 CxSjJ I J J Lxj Jiuu'JJ 


i J! ( v ) 

i 

S 4 JL 0 .-.Ua . jjI (_£jJI ^lijj'JI (J_C. 4 -jj 1 (j ‘v 11 L$jC j-uj 4_q_lS Jaj x j Jjb .plj^JI jA-C Sj^ ki auj 

" i 

S^j'JI Sj^JI jjLVjj jl 4_uiij ^liGj'JI Jp^ CcSj (3 Ciki-ujl Sj5L uL 5 



-Ljnlflll ojLx 


. 12\\(JJAjJ 4.LS.1 <j£Lo i_JjJl 


j_iI ojJl 


^jliJLa. j 'JL a tAlijx (V) 

o _ 5 j p ^ # -- % ^ 

1431J jJ^-0.11 Lo^J IjLlS < Q -L. 1 4 \ i 6j^j ^i-d 3i Sj^ 4 \ \C CxfljJ 1 (J ' 7l ^°/ n J 

ifi 

S 4Ijj Jl ~*. £_iJAJ (_£jJl lo .fl-lj-^Jl (3 4_1 a£. ^■Li-lj'Jl (J_Q cJJ jj 


tUjjJsj^. j 4 1 il~>. Lfrj*J tL&Jlu 4 x \ ikJl ^JlLj)) Il-iUI JjiJl I 4 \\x ) LaC. 4J ij-ixsj 4Jl_tu jL^ 

«.4£.jL1_q L$i*J *J 

j_»L) ^.Ul jj! 


dJasLmJI ^l mV^I iLSjliua (£) 

i p x ç. o 

^lijj^l jj-Q Jj^ /il.ll jj_Q ^ill (jUO-UJL^J 1 I.i^.1 .(JuLjLcLLq (j-LJjj^ (JL_Q n\~y. cJjlIJ j)l jrLs 1 

.L^jlj 4_1 A---n- 1.1 1 ^ 4_*jj_fl_i H ^Lijj^l j_Q Li_sl i sii _ii_s ^illl ^_tuj^Jl Lq1 4^j^j^! 1 (j^s H 

(3 J^l ^H jjj pL>-~s-> 1 1 \ x <<^ij lilj S4i_LC. cls^JI (3 (jUj*JI jLf) 11 i__)j-vA \ /i) ijj^ 

S LgJLs j Cj J_2i__i_<jj ^JJI LoS t jl Wn~s 11 


‘4-li.fl.j ^5LoLg_o jjj^Ji jj» :LLLi 4 J j_)_Lc.L uj_o jdoLsJl j-LLj.v.ill jjL L-s .a 1 ji ljJ-C 

«.^.v-vJl (^jiL ^j-jj-uLjLxj jl ^.‘s-j.L. tPjJoj Lgjg 6j_£L)l Sj-q (J 4jl ^vjij-Pjji 

jj*^ oj-sjJ IjjjL 


*\A 






ulfrkll 


axLJI . JZ jjs (0) 

■ "1 j i (jl \ \*\I CjLaL£j 4j \ .1^ II Jc ^^£.1 v iLa» l_j^j- 1 jjCoj t-S 

S 4_s_SJ j ^jJI ^Lj^/JI 4x jm i J^jiu 4x jjj 


^ *** * *j^ill jilLLs * q (*\) 

U jjj j^ll 1 (jU ->■ jljiol ^J-C. 4 \ *‘)\j jjlj) LwnL Sj^j_o 4. 1*11 \j jilI J.VIU 4^0 /d 


4jj^.L 4 ^ 4ufl ui\\ jl j-ijiL j .j\Juud cdj-2»-o 4 mljj jyukL^Tjl j-o (_^1 (3 LkjjjJj 

jjlj L> /njll jj Jj jl ^gJtjjj &L^_jI I jji-S t 6 jVuLj-o 1 ij\_jJ 1 j-o 4_ojli ^LjjJl jlj t<_jj-iJI 

SjoLaj'ill jljs3^ll ^L^-jVj 4-j-oxl 'il 4_jl ^l S^Lo^Jl 4_jji_ajJI tjj'iVi 



(j LU CA^J •4.1C.Ij%L CjL/jLL £_uSj CjjIj jljjk^ I ^ 


j-o jj^L Loli ji LU çjLilu^' i—s. 

■4 4jiu^ ja Lcl^-jjLcl^. 1 _11 (jjJI jiil (jj_^jJI ji^j •4jc.ljuill cjIjjLLJL jlj_L 4_U^> u_Lll 

ol jL_oJI Çjl^j^»-o (J^ CjjI^ -1' K ^ j\ -V il ( J_~w| jJI Jj|jrL^fc'JI d jj»-a ^ljjkj-cuL 4_iC.I^-uj S^/jLL 

djj^-LI I J^-> (jl^ .LfljiLofc. IS j o CjjIj jlj-^.*i!l ^jj \ \ * X ^Lc ^ I^J ''' Lo-o ijijl 4^Li1 

s o j o s % ç. ç. 

\ Y SjjJs JL^L tCjL-upjJ t 6 j IJ 0 o iaj-LOj tCjLupjJ t OjljJLo j-LlS CjI j 4 jXS I ÇjLljk <1)1 ^Jjl 
d (j\JJ2».jj-Q jJJJ iCv l~v> t jL"VJL Sj-jj^-o 4uni% 4j_C.I j*2> SjjLL ^J-C. djj»-LI Ij-A L^J ^vj .LLuJc^. 

. j\_*djLij-o j^Uiil 

jyjj£ ct\n,\k 


■n 










•ljjjx!l 


Çjllj^ ,jjul)J! tjr^l jll (V) 


^Jx. ^ i Q*wn o 3 jL-3 Lojl^ 6L~\->I (_^l (3 ^^Ltuj 4JU 3 S^jUaJI 

_, s 

.4_o^LflJ.1 £_S_JI S^JS jj I^J LK JjJ^JI 2_SjJI Sj-5 jjl jj t4 jjIj 4X.j\jjjj CjjLj ^liGjl 
l)-J 3 Cy^ j^l £-s^>JI S^Js ^jj^-j tj q~ mll cuIjJI ^Lojj'JI 3_a 4_1L*. 3 SjjLLJI Jj*. jj (ju^. 

ScJJJ u_a*!jjk. j-o'Jl jjl ^l <SjjLLJ1 


ujl^bl (A) 

JI^jll j^ 0 4_ujiLll cJJj (jl (_£jj <j-£j ^Lxo ^Jx. 4_xsLla cilJ>-aJL \ ^Xj u_s1jJal SJJhLoLO Jj-C- 
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i-xr 




•(cj^jL^. ^ \ * x o') >\.ut 4-LL^-Ul d'iLu'JI Lg.(>JI oljLlJL J^-u^U JLJ.I ( _>=^ 


4uxnl^li*.a 5( Y ♦) 

^jjj. 1 .\x ^ 4 x Uq pLIj >q p^ll (j ^-qj lj|^ .(J^*i!l J-c. (j' x-ujjlaLjJLo jjLi-Ua (julil jJLo-U 
^Jj-sl I^-uU^jII ^ljrLs'JI Ij-A (JjJ| .Loj-Uc. ljLs-j| I j-4s J X \ 1 11 fl t-LjJLs Jjk.1 j t—Jo-fl ol J 

i _ sl^JsJl (J^ Ijj. a o .^_lu^J 1 J (jjJj-L.i j^-s-ill (J-C. 4_oJjjj_o j\£. CjLc.LU-S (^| j'd>JI J)-Q 6^)^ 

Lx-o 4 U1 x xJ. 1 ^J^-flJI .JLc^i) i_\Q<: ^jU.'dl t__slj_LsJl j >_ J-JLn SjUJI 

Ja S^^LjJI J| 4 1^>jjt *\ 11 Sj^JJ JLo-JJI i_il^iQ II .6^)^ jj^^J 'i 4jjLj 

S ^gj 11 i_j-UflJI fljj^.1 



.bjjjL pLtAj'd j-ojJI j-o U^L-^-o *>!l 4 jjL>*JJI Lo 


L^Lq> JjJ 
















(Y\) 

o ^ 0 5 

jiLuuj ^"\ L$£ Jl\j 4j_jLIa ^J_C. SiA^-l^ ((j-dljL oJ-q £j\ UbAUjJaLiJLa {j\"\ I <<o^j jJ*. 

^~\~V Lkjjfcj ‘ci^'Jl (J-° ‘ ^ jJ £—UJJ-Q 4_uUJI 4 I l/'SJjJI ^-\A~*J . l_^_3l_upj-Q (_§ L^J^J j 

^JJl Lo •(^j'JI 41 ts* i jjJI S^jj c3j-^ tal^l ij^ 4JjliaJI ^J_c. L^a_ua ^aj tL^j^jj ^cj^Ljj 

✓ 5i 


d a, »'»ij 4 a \ a -*. ji 4 _S_culj 4 a \a-*. (jAua.'> t 4 .\i->Lk. Sjlic 4 -_ i-^-uo SjLc. ^l (_y-> iCj 

•cs.u' 

J Si jLj 


^..nhftUI JJluiJI (XX) 


£-0^ 4 ~' 11 CjI A * ma. 11 Jx. J * mi (^l J. \ \ \ *^1 d \ ... \ H \ 4 11 < - N U 11 J ._Sj-*-l \ 

1<.*\ \\ d \*\ j -- 4_il_Li jii \H \* a JU-o j jjjIIjj jLilL JxiUJI '*11 ."11 . imlL \." 1 1 j.4? 

i *j I J ,"\^ . \ -s- ^ \ I \ \ 1 C \^ . d \ /n \ l—. 1 \ * 1 I Q I I 4_) 1 -V \ /n I i J 1 / n 1 1 LtUJJ 


«S^ljjJI J_C ^JaA-o «(_yj)) jj-lujSjj-JI (J-4))) :4j Jj-«j J-O Sj-o olj ^ljljli Jj-lu 


«.4c^.jjJI 6J^J 4 jJ_lq J_C LSjLj (J-ll J 4j|» I^ljljLa Jji 


(jj^l jS'lLluj^ JLilj 


^ (xr) 

JLi_-Q Jj_Q Lq Jjj* j)_Q J_jk.l_JI pjj^JI 4->l Q -V J_C (J-0-3U (_£jJI ^Lj^JI ^_sl^JI ^SUMI (J_4> 
SSjjLc. 4->_mjJa 1 _>JLqj4j*.^_q J)-Q 4jj1 q(_| LlojI ^jjauj (J_& ^jLj^)-^ 


^ *v 





i_uL^c 


j I ‘C \ /7i j, d ' ■ \' I £^j| j\ ,/7,u Lgj-ixS o >o*vll JLclAJI 4 (j d t /n \ 4 11 4 _LujjjJI y\,./7.u Lo IjjLj 
Lq_lS tJLouiJI ^S j-C u Lu_j_a3 J N 0 4_ijl> (_y J Q‘ k- >' jujJ i 3 4 I i/-juJI Jj-qj < Jlxi,/ j.iJI 4 ~>. lli>3 

. JI.aJmJI ^jji. LiJjjLi 4 _jwjJ N 0 jJjjjjjj (j 4 _Lud^jJI Jj-oj 


Zx-th 1 . 6 ) Cj ^-Jj 


j/aJI pl iA all J oLl^JnI ( V £ ) 

^jJ I iS LkJI (J1 (jJi jt\_£Lj JIJ-llJ I I J_4> ((S ii Lkl I »_jj5>Jj J>j I < Pj)j-Al I CjL^-j-o ^IiLLTi Ca^ » 

5 ^ ^ S 

tjLL^jil 4 k /nl jj J-cl.-~s-i ^jjJI 4iLklI 1 (j i iC ^_4> ijLLL*. I Jj_L I jLL^jil 4 k /nl jj J-a^_> 
£^_klk. ^ljjL-J. / nl J_C , 3 -Lj j^IJLs^I I j_4> t4 i lc. Ç-Ljj .(jLl I </^> 0 i ci jLj^-J Lojjc. Lofl i /nO i 

SljU .^IJLll Ijji 


> jjUaJiaiu (ro) 

jL: j-oj (jL^. j-iu Jj u_S j_uj ^jjIj i oL J 4_Cj j_ll pLj-^LU 4-Lkjll 4jjJ * 11 4_i_kJI 

Jjjk 4 jjJjlLI 4-fl-kJI 6J(j > JJjj-uil lj| .(JlktlJI jkjl^ u_Lill j^C. J_u 2 >IJJ-Q JJjrLo ^jLj-£^ 
SJjJjC. 4jj J-*. jjj (_^JJI LoS t pL j^S-ll J_u2ij-o J-C k i-L. (j-o 4 j-q_uJ-q 6jjL Jjl_k.ll u_siil 

SpL j-^-il J-lLjJ.1 jA-C. ^jjljJI Jjjj^JI Jjj^. 4 \ / n > k 1 \X q j J-^^ 6jJ jjL-A jj*\ *> /n Jik 


(Jj_l J.2S. i_l_l_S 



> * A 



















aIxII Jl>AJl (3 jj-i Lo^ j^^Jl j-o jJ> 5 L) ^Lgjj>*JJ SjLJ jii^l ^.aJL^»- 11 j^^JI 

cjKib^ f-l o^ljjJ 


r jjUaJi oiti (n) 

jl_\J jlc. J^/LL ^ Q1 ^ 4Xj_u2ij11 eL> J 11 4_J_upjll 4_u J_s_tl 4-0.1-n-II J-£L£Li IjLl 

S 4c J^J. J_> t Q II I J\C. J JjrLo 


J_/u^ J(j <nl Jlil J I oiLlj^ o->L 1^1 .Luj -r» / " *I °l v j' Q ' I 


^LojjjJ JjjJ 


^xliULIjlo Jstj jnxi (rv) 


J^uJl Lo_S t4jjL>^£^ 4*\->k /n ^gUJ-Jol .\ X 11 ^gjJ)- uOl 1 I J \ •>. / 1 M 11 J^J^vU Jj-Q 4_flJ ^-flJjJ Lq Jjc. 

ç. & 

S c5 aa_dalj_ill J^j^% jlll 6jAA\ jjl ^Jsjjj (_^jJI 


— Ju J_^JI — Jj).\.*\.ll (_jn > > x ci ^l cJLjUI — /ii-ll j 1 1 > L1 _> x o^ S^S Çjl <D >L1 >«11 -uil 

.*J_tuj * ,t Jl^ * ,X j).^>.> L^jji cj*JL^_q ^-"il"> (J-^-^aJI 


ayiflKii pUI SjiLs (rA) 

Jfl JjJ yj (3 Utl ^ J_2i_j_i-uj t(j 0 K J^j^JJI L^.C.jrL^.1 4 _Jll4>J_q Sljl 4.\.*\.0.l5Ll I pLtl 6^)LLj 

JUJI jiljSt^ tljj^-^ (jLlLu^j-a (j)^ (l) (jLc^j-O-uaJI .JjJ^S i_All N 0 J| J-loj ^ 

^j-ojJC. jjLJjjJ_»_tI (j-LLa. \0 <<^>11 ^rvC. pLtl JcljLlujj .(j*.)^ (i >) (j\JLa. \ Q II J| 4 j_lujJL\ 

JA LOJ Ljj^J PjjJI .(j)^ (ji.) j\JJ^J_fl_uoJ I (3 4 X \Q-N \ yi> J t((_j)^ (l) ^LflJI 

t4*\^k JuJ 1 i >~VJ-Q ^J 1 Q <«^> I1 (j-Q ^^I j ^ \ t/~\ \ 1-i.V U-N- \ t 4 j J ^k /7lQ Ijj 4 J J LjljJ. I ^J 1 0 t/~\ 11 


^ •‘l 






g-Ljtall ujLx 


jJ^J-LI J-^-^-lI ,J_U3_> ^jl .4Jb/n 11 i _JLuj ^^.Sll 

^uLfl-usJI jj-O J\ X iS> CaI jI ijjjls j>L-u3-Q i_Uj-H_J jJ 4ul 4u^.jjJ i£-£L±jjQ 

SSlj^l 6J-4 > J-Q-3tU i— Li\ .P^ukj u_3 


(Jj^lj pLo 



:: d i ni < v*II iLuLijg*-.!! ULSlJI S^iJI (V^) 


j^±£ *».il^a 11 ^JI d ol Ul J^j=—1. 4 i 1 11 ^ a 11 ^L^JI 4j_aUI SjJLll 

, V I^=JI 


\ \ • 























J jijj . j_)l"\ innl OjJI 4 j£ jJj (_£jJ1 ^LjiJI ^jn Oj jjfcj t^NAV^ ^L J-> J ui^sL dJj*il^ jn<<\ \~>. J^j 
_ ilc. ... Jj j) / 11 *\l—o L-usLjjJjj^» :4_u_tujJI jc. J^*JI 4 j1=wjJI (jjl~i u\\ il iijjJ 4 j^L"\1^1 SjLlxJI 
(3 *J-ix<^l Lj^. '-* “* *l L^jl j jjj jJsljj ^lj-xjl c^L. (_J| (jjji '^j-~LI m-v^l j-c. Lg.fl.v 

«.jjil^JjJI 


i JLjjj iJjJ)-1o ^jJ-3L-Q i_jjjjl JI SljCi I ^J-C. ^J J_Q 4 ~\ ~N. ni II i 1 J_Q ^Jjj)Jo lJ1 ni (jLu (j_Q 

Ljjj jj jl >~W) p \ /n~s. 1 d J~s \ 1 11 (_£jJI Lo .(_g j j^ 11 LjjjJI (_j_q l_£LS j_q ^J-l-J jjl 4 *\~>h AJl 

S (JLJJ Lj (g^ 11 (j\ \ L 0 11 j)J Jji (JLJ Jj) J_Q (JJ) Liil'J 1 (3 


.(JjjJ^I jJj SjLl-y 1 4ijAll AjflTl 


jJjmLjaLu^ JjJ 


: '(4 i aiL^j 4 . (VN ) 


4 JIjJaL JjJj ^ojj-LLJL o JL^_q 4 Li (ii 1 jj JSLal 1 4_qJojj_q 4 \ iiiL i_j 4 Ci 1 -•*■ i Ll j^jsy .\ 

J-^-aJJ LL 1 a 0 q O-oJjUI m 1 lj| . JjjL J J_3l-qj 4jlLJI jA-C. ^ojj-L L_i_L I (Jj JjJI jr\ a \ \ d\.\.~s_\ 
S4 jj J-*. £_i jjj (_£jJI LlS <4jj J_s_LI 4_£lLJI jA-C J^-aJ 1 (jjLflJ ^jLj 11 


> > N 





-Ljnlflll ojLx 


oUA3J1 (^\_j ^jc- J^.L*J1 ñiII (Jjj/ n^Lo «d I ( 3 1 '«ijl ^jjJI Jbj^l ts'j'jLs 'j 5 

f-S-s o-“ o^Ju j jl jjJ Lgj' f^-ij jU jj oLitL^ J| ^«~'.»j jjSjj 

Sj-SJI 63.4} (JlLo culj Ca^ L^c-^o çaVs » : J^-5-a Jjj) /n^sU J| jli >_J15s jij .L^JU^. ^^LUo 

6' °db LS-=- » ~ (4 J-c- b 5 -'.'^" c£-*i ‘b-^bo" 

«.i,UU 6J \~v 4-zs.j J_i ^o'JI 13-4} J_o^3 


^J-aJJ 


* ^uU iUL a uijj-^JI Jba-U Aills (V'V) 

I >. 3j^jJI^ tL» j$?L \I JUJsI (J iJ^. ^j 4winl"i 1 .\ x 4j^.^_q ^I 3 4j 3LlaJI i_.Lu'U 
0 II Lq^Lqj- 3 3| JjJ. s t ^j-l J 01 1 ,\ » L3 ^gjL>^) (j*\ 11 t(JyJL~J. I . i^u. 1 .\ X 11 (JL-s-ll 3 
Ij 0 is> (jJL-JI 4-oxS J)^^«j . (j-oljJ-o 3^- LUJI Lq-^ILqj-S 31.J 4 J)-Q IJ>Lq j^--s-> 

Ç 4 J 3 LUI -vj3 <jj1 <4313 c^s^JI 3 



*^ aula L U L a JLa-a j AjiLb 5 jljj dlVi (V'V') 

3 4_csl_U ^_4>j 1 (g a ^^-o J.C. J3 _sU_j |^l J (_)^-lL i k 4> J)-q 4x.^3_u^-q S^l^J 4 _U_jJ ^jUoj 
S I \ 4\ 1 ** 1 . \ -s. \ i Q . ^J l_S _i 6 • \ * I 4 Ls \ /ii \ <L^.j . \ \ 4 /iijO /i 4 \ /n \ Ls 1 \ » /\ 4 in wi ^^3 £■ L) (j 11 


> > Y 









■K.fl.g 4_fl.lc.lj «LaJifll j^».l Jl^ C/^- cj-° • (_JJ 4-fllc. jl 4^JLfl <_£Jjp ^ SpLuiJ ^LLfl-o JjJLo <3 

» :4_cs J cJli tLjlll (3 Sl^ol lifljLfla SlLuo.jl cu.fl.Lj (Jau^Lj .^ jl J^-au 4_jl j^Ljl 

((.Ijji jJLfl 


Culj j 0 \ j m 


^(^jtuJaLlsLa JLa_a j iiiLb jl J .3 (V£) 


d 1J mll d \M \j \Q II CjLiXciJlII Lo .^.\\LL\i a JL=_c J jd U \ jLudi <~' \-^ \ jli ^Uj iljU-j^ 3 


9^1 IU 


\ \r 









1 < 11 i | J i Q 1 ) 




i 9 

j^_j yl Lq t4 x \ iUI Jji tn 1 6jLj_q_q ciL jjjJLj (Jjjjj j-u! jj jJlj tLv l> i^-jlI ylc J 
J-C. jJJ-*j jAjljj JyjLaJ l i\5Lcv \ (_£j-o J| ‘ Q uU^ a Ll£.J .4_u_iujJI CjLc.j-ujJI jj Jj 
t^g-c.L luI11 x lcI J JL^-JI Lq 5J .^ nio II lj-& J LaI *\x I oLlaJLi_llj cjU jLiLlj jLiJ'il 

4-uljj.LQ.ll <j^CJ LuOjL-IJ (_Q V jLlLL-Lj 4-C.J.vLci 4_L^2J JJS. SpIj-Q_J PJ_l 1I L!jl jJz jrLO-LI j_Q 

(. ^jj ‘ QQjll jloLol > S.^i*\*\ \ Ijlj . ^j_u 2 jJ»Lj 4_i_ucJI 4 _QjjjJI ÇjLljj-Cli jIj 4 _lJLjL1 

Jl (jl Jl _jS!l lo^ Ij ÇLJ-lLojJI j_Q (J-oJjLjj jl 4 _cl\--n- 1I (JjJ-3 (jA jj*\ wnQ 

, 0 s 

. (jtCj-Q JA / U Q J 


4-SjLkJl SLloJI (J) 

J-C. jj_Q 4 -J-Lc. jjj. 1 ~s \ ^jJI J X Q II J Lfl (i)Ql £_3jj jjl J^uJI (J 4_qj_lujU 6L.lQ. 1I JjL^fc-l 

.L»_q J_c.'JJ l^jji-jj jl jjl-olIIj SLloJI (jLti (jA . Ji.uj'Jl Jl^ Jys.ll u-y J'J-^- j-o jJ^j'Jl 

S JyJI v j-j jys- 4jjJ_^. £_3jjj (_^jJI Lq 






Sji I jl jLjLis dlill Ijji Jl <4 _*xi^s^uj dlLo jj^/uk g-Lij is^\ jLujjs jl^ (^jJI tjoj iguujI ■ '"^ 
Ijl 4jl — Ll! (Ju£ Lo£ 4 _jjL^Jj S^flj I x L nñ^ — j>ic.l dJj^ «(jl^ (Jjj (g\ cLijAj Lg.\5La > Cul^ 

f. 2 S c - - 

jjl aLajjj ijjfcj .llLLc ciijAj 4j_a »L" »■< < »<< Q <4_jJ^ i_ jUUI 4. xLolj <j^.1 ^aJLc. «jJLjjb jl^ 

(_)JJ J_i_a_<iujl JJj^. 4_ilc. pl_\_ij .4.0. bjl j X Qj cJj.->Jj Lc\ JAx. 'J_5u 4j <j \.jj «4_^». jrULa J_£Lu 

^llAj 4\ jftiiill 6 j-4) Cul^J — 4J Lsj-C) ^SLlil Jj)K <i)*JJ ^-oILLS (jjlj-uO «CS^LS Cjlj 4_jjLaJj 4\ ifl u ) 

c. 9 

i_j1^jJI j)-a jjj_xJI 1 (g\\.o Jx. £_uoj jl — jjpLLAll (Jl^ jAj JU.jJ1 (j^s j_jcaJI j (3 J| 

1 _/\_A -v (_^l (jjJj 4 \ lO inll (j-a 5 J_*_j_q J_C. L*_uJ^_a 4 _/xi,.5 >. 1 j*jJ \a /n^l j_Ajl tSjLj-xLI I Vi^. inj 
La^ t plju-ulj 4_*jj'J_ijj_i 6^^-J 4 «\Q /n II ,_) Jji. t4_j^^J.I ^_slj^JI (j_o 4_a^Jj-i_a 6 J_i_j lujj^-a PJ-^-i La_i^ 

.pLLI J_c. i '' >■ 1 Cj-jI^ ^J 


lIjI j-2w ialjj Ud^ 4 -IclxuI^j d-uidi £-2 j (V) 

(J_C J_a 4 ilc ' QQ 1 ^jJJIj 4-cLLflj £_S^>j (jl (J^-loJI (3 ^j-uj^1,1 (Jj^-^JI £-jJ^J-xuj (Jj5> 

JoLjj i_sJj^. 4 l*’wnl jj 4_m_flj £_flj (J^L^-j *LjI J-l La^ JL^. L^l J-^ J^-U ^)-ajj1 

.4_u3>Li\_ll ^jjjlAjLa JjjjLJI (j/^i J <jLuAL*xi_a Ij-al J_x_j La j_&j <4jljj^. 

> > “V 

















^ 1 <n~v^|I 4^ 





A I X j Jjl jj X ^2 tJLi-al 4 _xjjI ^-K.fl.l 4_j_jL !a ^" / ^ J j 'jj V £_i J_LI 4_fl_jli jj aj <iu 

j-qj_ujI Ijli 14__jJ LHJI JLj-qI 4_3Uj|^JI ^_Lj^G 4_jjLj A / Oj jljj X j ,4-JLlII JLj-qI 4_ai_jj*i!l ^-K-fl-j 

3 

<jLq./,i,i q-~>.j IjLj_Lq ^-Lvflj 4-ij 3t j /nj /i) Cj-SjJI jj-Q |\*\ 3 /L$jlj 4 \ /n\ ILj jj' ' Lfl-o J-fl-j Jj_3i_Q 

^Jf* UJ^® 


((^jLujuaJI)) <_jLj^ 


(r) 

jj j-o j Ijj (Ja^. ‘J ii-&J 6 l)- 4 ^ ^ UJ I ^ *■ S. 0 /1111 j_o j^ljL-a j\_Jj L) 1 J-^-o *^J 

„ #s ^ jjj a ? 9° 2 

lIuj ^-J 4(JJaj N * * L&JIjii-o Splji jljjJJ J^k »n Ç.j.j_->k-j ^i^- ^ -i-J 2-lu ^^j-ljjJI jlj_jILj 

*** — ^ a9 ^ p 

£££±2 j4l SpIJJI Lcls tjljiLI ' al l^~- LLL^j jj" ■" 4jjj jLSS j^L •9-uAjLll <jl 

? 6 ljJ.I LV^; ji 


\ w 









•1 j \ o 1 1 i,_ 





jvlxuljil 4_llxul CjL>L^.I» j-o) j-ijj CJjLo 


JjXIj Jj-SJ» (£) 

i nL> 1 i/~\ > I i__Sjj-*JJ) jJjL mj j_& LAj5Lv>I j- 0 (j[ Jl-i-*^ < 4 -SjJLq j\_C. 4JLuj_q 6J-& 

j-Q 4_la 1 \ m 4 _oj . 4_3»_S IIj SjSLj j-LC. J - *^9"^ J* a. j-Q_> I J LjJ K jA-ujlj < ( l)s5_9 K jixj jJ 

(J.i-'s-ll (_SjJa_> 1 (j *> \ c. 4_i>5L.lI 4 J jji til jiiaj LcAh < Ji.^-11 Jjla ki^l J 4_lajjj-a jj-LI 

p 5 p ** ' 

4JLJI (3 &J^>-ilIj Ji-^J 1 (jl (j^jrLsl S Jirs-11 J) 1 xu> J ^j-JI l-Li jJ Jj-oJJ Lj_\ ^ idi (_^>JJI Lq 

(Jx^jIjlj dK~-J jj *Jj i 4 J11^T >/1 iLi 1 ^jjc. Jjj^JIj ‘JJ^I Loj^lK-s :4_jJ11LI 

.4_*_sIjJ1 


> > A 












^ 1 I 4^ 





. djj^-LLi JLu^jI J-C. ij-li ^jl ^J -U-S.q 4j^^)^. J_C iaLfl.^11 t^J jjy.li. 1 ç- »<<^ II 




(jljj-a (^Lc dil^ij dxLoi (o) 

6^_Q tJ-SLxuJI 6(3 J-Q^>JI L^l t^uLuiA. J)lj_i-o J-C. 4-J-o^> 4 X.Ljj (j-3^ 

jjJ^Jl jjlj-Jsl J jux 1 xu (J.& .LlLxJI 6(j-Q J^sLxlIj JqJIj 4-C LcuJ I i_xLs J-Xj 4 _ljLj 

SjLlJL^Jl J 4 -luAj 




pLi jiflll ^lc 



«JLa. j\ Jx. 5% (“\) 

6j>" u’j^ 2 J-^ j'j^ jjJ Ijl 

£ * p . 

4jjJj^. £-3j)Tv> (_^jJI Lq ^l>ll (J^C. Jjjlll l 3 Ki> Loi-uj SluiA i_i wn Lq . A jjj jlll 

Sjjljj-LI 6<Jj_fiJ 4 _>jjJJI 4-o.i.fl.ll 4 .\ /m_\ 1 L> 



( v ) 

^jJJIj SLlflJl cJ j.~n.*L i .4.1 i.Q.*> iijJa-oj 4 a3jJo -\ ~*J i_i j^Ajj ^ > u\ ^^J-C. SLls >■ QQ > 

dlJK-oLj jjl Jfl iJlulj l-\fl \ L^-la ni \\ \ /7) iJl> I x fl -li (jj^-j (jl ^u^.jJ.1 j^Q .La_o 

jjl JiA-ii <jl li\5Lo-> ^4-ui.jLLJI Sjill Lj (_jjl jj-Q .4.uAj*JI jI j.*LqI Jx. ciLxLfl \ £_si 
ijl.ii.-'s.t 4J j_LJJ ^ujJ~iil 4_iflK 4u^.Lillq SLxflJJ ji jj j-LiS (jj-ii-ucj jjLAL-s-o ^jJJIj SllflJI 

6JC.Llllq (_^1 J ^Lq*JJ ^-i-ii> 4iKj L^j_Sj JjJj-u^JI jJ.ii .4ij_uqj-Ll *Kj_^JI JJlAjj 

.4-ij^ jlA. 

. iS p ^ p ç. 

4jJL^. J JJAj ^-LLL^Jl j)l J-C. ( _y~~iil (_£»iJI (Jj*Jl jJj-U (jjili IJjJ> (jj-2«-J *J1 

Jjjj ^J Lq ^4jjLj 4c. j\.L iJ ^-l-flj-LLLQ A ~V «Uj-^-Jl jl ^IUI Jj 111.11 Lq 0 4.*iS LllJ I 

-i_xj 4_i-ucij*J 1 j ^jJJI (jvj ^i'Jji'Jl cJKi~*.'Jl S 4JL~s.ll IJj 5> (j-Q j\_ij «4-L2fc.jLA» fcji 4-dc. 
^-fl'JjJ'Jl dKj~*.'J1 jyC. 4 _-n_*iL jJI SjUI (i j_4> ^ o /n*\l 1 jKJ .4 -Luc CjI j 4 1 fl ÇI 4 _u*.jLA Sji 
S^Lq*J 1 ^jJJI £_sjj (jl cJKj-^.'JJ (jj| jK-oj uJLK ^JJI ^KjJ^. £-Q (jAjLstjj 





^ 1 <n~v^|I 4^ 





l^iLi ^ l (j J^- o^j^' ubj^i 4 -K“jJ'I 5ej^jJ-l J\ 3L=wjjjjj ,j===ii. 

diiflJ! pLoIc. .(j-)-Afl.l' jlc Lk! iii jj^lj tplj^*\ i ii*^! K A>. _V vC 4--^- 0.110 4_j_dij , i!l SjSJl J»jjl 
jn^ a.11 J| lj >/~\ 1~>- ji Ijjl^ CJjl^-iJ 4_ij-ij jl^_3*i! j* 9 1 jjjjJjklil jAajj jjjjjLJl j)A-J <njj-fljl 

f. - t- s ^ 

jjLau jyCLmilllil Cj!^->Jj (jjjjj (^J-ojJVvi ^jLgiJI j! v*\-vjl Lq_£Luojj iJLtuil 6J.g. 1 jJaJ <LoLoj 
jJuC (j-cllll jjiiJI jj_o ^jIjJI Ji fl a 11 4j/ njjjJl 41 x \ 11 l-£jJ| CjJ-u^j ^jJI ^sjllill ojSI jij .^JLslJI 
.Cjj!^-iJ (J-C Jljjj jl .^1\1 j_^!l Jx. CjJ-cLjjj (j-oj t(jvjJaiJI JaL/xivvl 


jjuai jU=uji (a) 

ç. „ ^5 

_lic. i—^L-^-l Ij çl LojU (JjL cJvTv 4-o v Q*v / no ^Jv 1ji 4j (j 1 iS'i J_C 4-cuci 4 _ulJ cJ liA 

5 

A tn J-C. 4 .V » 111 (jLuOJ^JI I J_4v i_) Jj^. -\*VC .(jLt^JJ^JI çl n\~*. ^jjLj*. J-C S Jjj^.jJJ Çj*J ) jv Q i I 

S & ç. p 

j-^_Jl J_c. 4_a_jlJ lil ts\ Li_a_uc^ Liil JvA-i .^.Lojll Juo_v 4iL^ t A v~». 4 A <nl jj 4jjLLa 

^Lo'JJ i )Çj3>—v^ tiljLL^JI 4 _sL^. (j-o LLvjJLv ^.ji _i —lj J_c jLuo^JI l_i w . J^-txJLv jLjil 

iljLiaJI 4_sL^. j-oj ^JJI JssjjsJI jldol J-C Sjjjil 4 _vj^jLAJI Sj-flJI 4 Li /nl jj 

jLtiu 4_3 »_Sjjj (_^JJI Lo .( jjjJI (jii v vLj (j_o JJC (j-o li_ii> (jj5Liv^ LflJjt—o 1Lxoa. ^a-CJj 

S^.Lo'JI (_^| jJj^jJI lj_VJ (jl J- 3 U jLuC^JI jJj I tl) 











■LJjjjJI i_LLuc. 



*» L ^ \ ^jjl ^g-u.o.j ^Lol Cj^J «aJIaJI ^Lol 4 *lc ^jjI ji (_£jJI JSLuJI '_s^c.1 *i! 

4 jLLxII ^j-o J^-^.1 4_SJ_us ^l Çk a jl Sl ts~\ ~>. J_c. jjlsJLi CA-^ C>° (_g>u Qj J_iul^ >11 £^_H_Ju J_C. 

.Jjk.1 6jl^C.I jyjjj^ CJ 03^ ^^^-oLal 4-fl.uO.^Jl J-i i^_o ^ \0 \ I ^ ' ' 


llPjfj jU_ojl 


jUijA (^) 


Jj L i.0. > jj 3 1 j?\Q \a C.uQ-U^I^ ^.cJjl Lq_&JcJ JjJJ LcCLg' JjLa_S_Lo y _j xs> ciiJ^ \ jjj ^UI Lo 

4c*.I^J C/\_3t_S_lll I q ^J-C-I ^_uc i^-q (3 CA-*-S-lII J^-l S1 ^ \ \ C ic.^ jjJLj ^LjJjLqj_q 

. 4 _qLj 4 ^ -u I ^_q I LojiJj^.1 


> YY 






















^ 1 <n~v^|I 4^ 




^LaJI (V) 

‘.F = GMfVl/cl^ 14__iJ lHj I 4jjl_xJ*l 4 L> /nl jj ^LjlII i »j_~s_lJ (jjjjj (jjjLs (jc. jyxj> Lo 5jl_c. 

i (jvjJj^JI (_£j^j-q jaj 4_SLllII ^_4> d j .711 j M Lq_4>LlLlS (j\<\wn*L Jo 6j-LlI (Jj-qj /*' O \~v 
S^LtJI <_>J_-s-11 (jjjjj (jjjLflJ 4 ~s. \ ts> 4X.1 \ is> 4jjl_xJsl 6Jjfc .4jjjL^JI CjjIj G j 

(_^.) 4-L-gLilI JnC- Lgjl l*S j^j_q £_0j jL»_> 4jjlj jj Jj ijjjLflJI l_l^J ^jLi 

P / \ »* p 0 • 

6' i_s-V^ (^v jk f '"> ç^' <j^' tl 

jl ^-uLljJl (j_Q !ljii_u^ ^jLuJ 4-L5L11 ^j^j_q j\j 4_aLull (jj t4jjl_^j *J 5jj Jjjj 

(Jl^ £_UJJ_Q (J 6 _/JLuO Sj^ £jJJ ^) j>-\ LojJ ijJaljJI (3 .«Jj-& (jAj-q 4_2»_jjjJI 6*J-4» 

(Jj^. j^_Qj *_Li\ IjjJa 5l^lLj j4u 4 ^jj^. gtjjj (l) ikiUI JjC. 4jJj*.IjJ1 4jjljJI 

SiLAjJ*! 6 Jj5> 


j' " j< tl Luax. 4jjl j-c ( \ \ ) 


(Jk2>l_jjl 4jjjLiJI j^j_Q 4 jC. £J_ujJI 2_ujJ_Q (jl^ IJ| tll a \ )/^>( (J*X. (juLj 1 ts\ C- 4jjlJ_Q (j^-QJ 
4 jjIj_q LjuI (j^_oj .(jLjLllLo j_L (J\_£LucjJJ (jj^j L-A .t__a_uOJJ_lI 4-L.O .\ (^ ^l tl_^j 
1 tS\ X Jl IJ.» Q / n q lj| .4 jjjLJI j^j_Q JjC. £J_ujJl £_uCj-Q jL lj| cJ-*J_uc| (J-C. 4 niV\ II Lu^C. 


















•Ljj-flJI i__ul -s. C- 


Ujj J^i <( j lj.ua J-t «j^. iujUJI j£j^> -Ut j^lj<?- Ji 




I 1 1 ñ a 


^Li j_oj .4_JllJI <gJLsJ \ 1 1 ij 4<l5_»LuJI <gJL^J j-cjIj 4JjJ_o_i 5_JL^JI 4JLJ1 jLLatj (jl iLvic. 

j-cvAi (jl t jL CjJj (_^1 (J 4_*_u_LJ 1 pljj^.1 J^ ^-Lil^-cvj 1 <A \1 ^l.LUj t 4 « \ \Li11 (_£^£ J^-j ^Jil A-fl o 11 
.olj 111 l q~J J1 ^Lui^l (J^ ol^j-=^ Sj-^I^ 4JjL*_q (3 

(ju'J.lJ (^J jj-OU-UJ J^J 


U'llla.'^l Lufcj () Y) 

4_JJ--N- V1' S4_J_ljLd1 j^^_Q £_u£^Q O \ j>_Q (J^JI (j\J _/LJ^ l_s'jjj*.! cJlj-4s (Jui 

ç■ ç. ^ S ^ p __ __ 

j)l I (g Q \ 4 Çj*J-Q-^-l I I )l-*j I jj_Q 4_1_*J 1 (j 0 ^J l_JLlCi. I 4_QJ~N*V nil I <4_J LjJ I 4. L-N- 1_U~>^jJ I 

1 (3 \C- 1J J 3 1 (j \ 0 Q j _0 I (3 M j ^J-C. 4_Jt^ IJ 6 1 j-Q l p i Ai < I :CjLqjJ* 1 I (jA X J LJ *,_Q nVs**) 
Lilj£.Laj 1 (g \\\ \j LbLLsj-o jtLOj Jivv-^fc-i 4 («(J. )) cul^ jJ Lo^) LLq L$_jj_^ 

. I Q x jL uoI 1 SIj-LI J-jC. (Jj Lq_q |\ aua jI Cj-J4 j lc £_u^(3^ ' e ^ J - L ^S^ ^ Lq^ clH 

ç. I \ -L \ / n 1 \ Cj-J_/^-JI 4 -ilc. Lo / n \ jjl 1 ^ ‘\ /\ . \ 1 L \ ^p 1 ^ L 1 Q 1 -N- l^jJj 6 l ^11 dj- 4 XLJ 1 * 11 A \9 \ 

1 _ X lcl 4_iS (J-aiiLj LvjJ 4 ^-Q*Jl I J-^-J Çk. L.V. 0 .11 pLxLjJI ^_J-Lj_aiJ 4 ^^_Q-JlJI (3 •*_ vL.CLV 1 ^jl j)jJ L^i-jl 

^■v^ll Lq .juji 


.(julll 1 \q ^-^sofcJI L \q ^-®Jj (_yd1 j^L*J1 oL*_oLJ1 


(J^- ^JiJJ 




(j^. ' . uA lll Jsi 4jj^- j jXjjill o_l J^-aJL (JLvvvlI jjjjJI LjI a 1 j 11 j)l Q /Ii^fc 11 

^LvluojJI J-L_) uivi-->fc-) (jLxq 111 j 11 Lujjj .^Js-viLLj-ll ^LxLil 4 \ ai \ Lo_) (juLvvij-LI L/v \ og^ll 
Lojlj (jvjjljj-o Jj_L*J1 jjLy.Q_q*JI ^LvvjA.0.11 JJi_)j cLojlj ^jjIjJI Lo^_S_upj (3 (jl M <<’1jJ1 


> Y1 





^ 1 tn-vjI 




J-C. JjljI 4-sLf.al jl nn 11 £_5ljJI çi m^ 11 .(CiiL (^Li 4-0J)iwll (Jj-OJ 

S ç. g 

cJLo j)| I J_4> — J \<\"\ tn (j\"\ i^LJl .(jv-o-Jl J-C. Jj-^jll ni^, IL 4jjl_fl_o i_i w~>-Q-lI 

S^aLu'Jl (j-o Liblj^J 



jj j jj±. o Jaa. ^jLc ^uujJI (N £) 

J 3> \ <JLi^!l jjjJl ILb jjl JjL-i .*J \ Q*> li-O.gl Ll >-a\q JL^JI J-C. jjjjLaJI J-OJ^-J 

LL&j SLLv OJoj (_£jJI L . jjj_ll >0 i_a_>_uc>-qJ 1 jl^ jJ Lo_o 4 j j x jKI SjLA». J£ 

Si. ' . uA . fl .ll jjj £jjj j\ ^jLjAiJ 


■ A 


(lh°J 4lL£uljj - j^.1 P(ji> ^l jo 4_kLuj jjJ — jJji jy£. j^.1 |\ ,ny J-C. ^n-\ j^Llj JjiJI j 

, _ ç Ç ** •>»_ _ - g 

/7i jl k_i_iiL2wl 'i! ç. Jac j^.J tjja.*i!l Jl^ L^-uo J£ 5 j 5 j Jjls Ja-uojj jLoj «d^Lk. 

.LflJLo 4 j gLl^I 4 oLoj 4i.fl_tjj.Lfl.il jjoill J i$3 ~^uJI jL.fl."JI Jx. 5jji 


jPjxi 




































g-Ljtall ujLx 


4j J ^aC LlolC Ajjl^a ( \ 0 ) 

jSbll *lj j-O Ijlj 21 n)l jiK! jj^-J 4 A Q -t \ 11 <LujLJI J^1 j-Q CjIj ^ LiU-Aj I tLoj-OC. 

4Jjfl “'} ^ ia. /nll 4_Sj_L (J_C j-C LuCj ^ls 1 _> 0 C c_S-fl-> jl j^_QJ <(JljJsl J1A /n J_C. .4_3LiGjJ>l 

4Sjlidl (_}-XUS j)-Q j^J L» /nll l_^_Sjla J_c. 4J_)jia I I/^C c_SlS_> jjl Iyul!s I_ a a ^ j^J <6 j ”lK 

uijJ^ J-c. L^Ujlj-o jj^L L^LflJjl jiKSll 4 -j_> jLxJI j^j-o cjIj 4J_»jUI Lu^-aJI jjl 

SljLxis . j\ is\ s (j^jL ucij ^is 4ujl j_q jj_Q jl15L> j^-luI 


4-5jI«iUI ^u a jdl (\“\) 

ç-\'\\"\ / 1 )I—> i 4-jl5v.lIj Jj-LJI ^3 (jLlLL ciLq (u_j)j (I) jIj_uc_3lJI ij^-^lJlj 4_^»__uc jJI Slj'JI jJjJ 
(Jjj 1 jj jJ I (3 (jluj-r^. jj Ij_uc_3lJ I . 1_£_lS jia Jua. L» 4 I ts~\"\ q 6 j\ k ts-\ 6j£ L^_j (*—J) L^ 3t 11 jI 

jj^-mJI j-Q 4ulj CxSjJI (3 jLo.U-Vil jjj_uc_3tJl jl jL^ji-i .JKlVjl ^uJC. 1 _a 1 ts> jjp_o 

jsA.fl.Lll CiSjJl (jLmj 4uJsiu*. JSJ-L-1 ^jjl LaS tjjrsJ.1 (J_C. jLL-ucJJLo jl_fl_flu jLUk. 

S Luo LoA \ I Lo> (j x is\ Ij_o jJ^I U4Jj-u^j 


0 % 
























^ Lau^ I «L 




<n >_J15s jSj .(jj&jJI jjLxJI ^_s_oL^JI jL ,hLU LL.j^_a_> ^-l> (jL i^jj_^- ol^ 4 _»_qL 3 

jl /n^l 3 cLj (^AS (jj^jj (jL .LS » «Gl (L-g-\n LI^S 

(jjjLaj (^l ^l ^L-iJ iaJ ^l 4 _lLloIJI ^l 3-LLII plj)-g.ll 3 J-LJI l_j( 3 IiJiLoIi ç-Ij_uj t4_xSjrLll 
jjL Lo IjU^^ «.£jL<j Cj-Sj 4jLoIjJ j\£. P(^I) 3 4_uJxaj CjSj (^l Jjl c£j-* (jl^ ‘^L'J ^CjJL 
J£L jjl ^gouj jL LL^Jj t^l x H1 jj-o JjJSJI J^Ll>^ tLLLj-ua 4iJLJI ^l 4_uLJI Jaxj (jj^jj 
(jLLo-u^iS Ls_uLs jkL»^ 4jjlkll Jl^ (jL t J^L ^aJ 4iL ^_4>j-^.l qjj k jL (ju^j .SjJL 

jjL lj_4> cj jx^_j (jL (j\^».j <4 _«-qL^JL aL-LJI 4x.I_S 3 4_ol»L (j3j_u JjLj L IjjL^ <«\_SSl^ 

JJj ( pLLjjJI 4jpLc. LjS t^L-^fcL 4_uj_^. Jajjj (jl (j^J LjrL$_a LcdJ-S pIJ_ 2i. JaajI JJ_j» j^_k> 

s , e- . ,f 

L^jJI (jjji-L> t4_>jLL. 4x.l_S 3 4SljLiL_a ^ SI > jjL Sju^ (jL^J 3 4_J ,JLsL>j «.jLJL 6j_a_xu LLo 

.t_j*i_LJL 4.L>.L icLS 3 4Sl jL>L»_q 4_> ^sL jL <_£ jJI 

c£Aj^ j jLjj c^l 


Ajj^-atll (W) 

(jj)5L> jj > t cJ-L_> L-jjj_> (j-JJ-L ILSj jl 4_> jrLo (juLS 1 ^ J^oJI 4_o_kj_ua 1 kC. jl 

4_SLxlq J_C. (jLaC-ljJI (jl > \uoj!I ^ Ijjl .1 -s t/~\ l^ J-j-o (Jj-cj LojI^j ^JiLsl ^ <03 C§ Lu^_xJI 
5*J^I tll J^lJJ_UJ (j)A_J_>LiJI (_£ L Ljj t £•(_£>£> J_3L_2_J (jl (JjJ .4_l_jjLiJI J^J_Q (j)_Q 4 j jLjjj_q 

1 Çj (j \\j-2*. J P-kjJ La_Q (J. ii > 1 Ull (JJ j J-3U J_c.^!l jj-u^j!l ujjL^. 

Sj-ojJl j\ /110 J Lq .4_jjJj_II 


pLui^JI li 1 £ J^Lixu (N A) 


(^j)j /ii q 4_cl 3 J_C (j_Q LSjkj 4 j_q_uC_q 4jIj) L /nlj t4j_o_uC_Q Sj^ 4_xu_flj Cj-SjJI (3 uS IH I jl^ 
6 Jj5> JIj Jj) Q j ni SjLJJ 4_Q_kjj.ll 4 -SLlS-ILS .^LlujJL Sj!^J1 jj-Sj-xu Sj-q J£ (^_S-3 ‘J^Lq 
jl_k<al u_sl_u^jlj Jj5L> 4 jj Lfl_Q 1 tSj L Q i Q iss \ j | j j 1 ^ \ I \^ (j^ J L \l I (j^_3U uJ Ls I \ <n 1 1 

. UJ LIj Lw n jj Ij (jljkji l 





g- Lij.iQ.il i_ul C 


(Jj Lo (£jy* ■ ujlq j?^ <3 1 I 4Jj LS-o i3 ^J^-o-u Lwn 11 1 jj> ,J_c. Lui £_> jJ> 4 _oj 

(_£jJI Lo 4_ojj^ g-1 .uia (JlLo j.2^.1 Li \ /7) 4_lLc.j ^L=*.jJI ç\ <n% (j_o 4-Jc (jA»i 

4-ilc _LoJ_3lj (_^JJI Lo S4t&lt (J_c S4 \ I at 11 jl_a_il (J_c 4_-s-LHl 1 J-cl 1 a"\ m ,Jj5> S4jj J-*. £_3jTli 

Sj_L~ > k-\-o (J-C. £jLollII 


.4jAjJ»_q (J.laJLaJu> Lo 4_tuljJj ifljA-ll (j~t."\ *i! Lo 4_tuljJ u-u.> 1 j-vVs ^J_xJl jcvLj J-flJ 




A'laUI Sjljjl dKMI (U) 

4-lx 1II 6 j-4i Ci^jJ lj|^ .»-_jIjJlJI (jIllslj 4_luuI (J^_uu l_$i 4 \\ l!au*J_l!I 4_lLc 11I Sjl^jJI 4-La-lll 

.1(2 /II0 > (J^u^. (jlj^jJl (3 lubjlj-O-Luul 2_0 1 (j /II0 > ■_ lLcAAU Lo LxJj-vjJlS 4(j^j*il (j_C jjJj 

P 5 ^ _ 

^J-cit (j-o L$_J[ jilj Lo lj| <cLuJl c-ijLcc 6 L_j 1 (3 t iL.fl.Li jl ^Jj-s j^jj 4_L_lJI ciuL lj| 

S4-L-K-lll l _j'iLLll (3 clUJLa.'il 41 at 11 (_^jJI j^jJI Lo S t_i.Lfl.Vi jl jaj jjj! u \ ^LlI (_^l (^Jls 




j^lcUlII ^jLl2ojJI sA/Vi (V♦) 

(3 (jJjJ-iu-o 4J Jj^L j -^k ^j5>^) 4-<xlCj (Jju^. is\ \ \ ts'i '1 I j k -*■» JJjjl lj| 

(Jju^- jjJ- i ^xj 4 jjljJ ^_uCjJ (J-gLujl^ J-C'J ij 4 LLJ^u t Lsjlj_uai 4((^-laLkJI)) 6L»-J*il 

j^JJ JJ-> 'C'.L-^k-l 4(JL<lJ I (^jLuCJU ^Ls 4 J jL^^l 6J-4) I_Jlcl .(^_u^_3tJI ^Ui-l'Jl (3 4-aU-fl.J 

j^Jsl (J-C CjL^jJ jJuC (J)I4)% Lb j IJ 0 o 4_i ^ljj (_^jl l \ II (J_fl_iuJI Oj^ 11 J^JaJl 

S (j-sc-o LxJ l jJ j) 1 /11 111 jj^ (jc 4 J^j-uJ I 4_>j L> j_LflJ I 0 LlLo-slJ I Lo . ^_U_uJ l ^jLJ I c-j^-11 (^j^LJ 1 


UA 



















^ 1 <n~>.^l I 




<Lu 2 lcUl 1I cLlsLuz ijJI (vN) 

L^J o->Lj < 4 -<xLfl-> i_ sj^JI i 4 - 1 t> 5 L 1 Ij ^-n1 JSLuJl IHjLoIo jLuaLaj «,_>juL> 

j> 5 

. \ \ C- ^jU^uaj-O iS j Q I 1 j<i l \ Q IjL^a. J UL> .6j"V-uLj-Q \ Q. \ ^ ll i ' J \ \ Q 1 ^ /11 Q \ 4 -C.jnjjJ I 
Ja*J J_& .(i_j) 4_uoL u2jJL> 4uj1_£lq 6j-LlI 4 -q_lS \-kx dlllo^ (l) 4 -uoLuOjJ 1 j! u_3d^Jl 

S 4u Lu LlS (3 jjj LlSJ I j 1 


plj2fc*i!l 4u£.Lj Ljj (JjI jSll 

3 

J_c plj^.^1 4 -ic.Lj Ljj \S llj 
( j - ^L x J I ; j «Jj?^ 4 ucLj Lg-il 
^jl^JI 'iljuu JJ J pljja.'JI 4uu*JuJ 
.LojJ pljji.'JI 4 -uLuj 

tSj-^ljJI LjjJI j_o diibl l lL.cl^. \ 1 q 
IjAfcH Lai. jxsj 


(jjjill ^ L«v II jr\5Lfl-~JI jl tSjj^ljJI 4-\5LuL-J.l 5 jJs.*J l j-c. jjou) . 


diit. an<ii ij^ j-o (v v) 

jJcul^ SjC-LflJI Cxllil ^Liujl jjJj jAc. (jusLuJI ^jL_lLq dJll 4-LUI j^j_Q £_fl_> 

J-Lall) 4ulj ^uij-Jt-ll J-LlLI 4J LjI_S LjjL Uajj-Lo jjJj j'Jl . (jjLulJI j_Q (l) pjaJI 
S JajjA_Ll ^LiGjl dJr> jlc. Llil 4lLL j^j_Q J_L> jji . (Jg-uJI j_Q ( 1 —j) pjaJI 




> Y*\ 
















c ^ i S 

.SjB iij-sill : Jj*^JI iLilxull 

. JLo cijJI I^LulDl niU 

ijllll j^_ \ll J_C I SA> 4_>Lil j^_oj <4 _jjLiJ1j Jj*^1 * 1 /■■ 11 ^l jA_j_ujLj . Cj-SjJ1 j J> <7iJI — SjiJI j^J 

4i1 ^Ixaj i4ij_*JJ/JJt— luJI — JLL1 :4JjL» 11 j jls <d tJLL1 4 -q_ls _l>j^j. 1j .JLL1/J_i_<iJ1 — 4ij_»_L1 
. JjJj-LI JjLrnJI jc. jJalJl x ' t4jjL^-VjJ1 jjs JLL1 <_j jp\_5j tjO 11 ^ya 4_3^)_s_LI i_j jp\_5j Loau 

.jj^I *JLq o \ i Jil oLcvc. LoK :4 _^jj111 


j-q_qJ| cLjji (rr) 


tJ jLj_£u_ 5j 5j-L 4jjLfiLLo Cjlj qU.Lcl1.i ^jjç*. j.-s_\ J_c j )\<\n IjJj cjJJj^ 1j| 

S1 jLcilg J_c j 0 U.UIJL Ulkll (j ajj jj±& 


Lojlc. ^j^JLj 4vvl t4j jy^- 4i*J-C jl Sj <7)1 J_c J-qju Sjjj-uJI ^Lq 1 jil jJI jvlL^JJ > Q 

4 J «.Lq LLsj^. ujL jl ^jjl A-i i j j-u\^_. 11 JLfl_S ‘4 !->.j_q j_Q J J_) 4 jJLuj 4-ajjjJl Cjs-U 

i)-Q LjjJ Ijjc. jjj^jjl jJjl ^jk.j*J1 Jj» :*JjLs jj-tA-vll j£j i)-Q (SjJIjjj jU ^Ijj ^l) JjL 

((.pl Li-VJI 


SjLiAU iLujLaJI (V£) 

J tjA x jll UfrASjlo JUjlj Ul-q jjj (j_ujjJ lJ-X/ n :dljj-Q J 4_JLjJI 4_j j_-n-i11 jj^.1 

i _ SjJ^JI Jj_C. 4_Jj £_uc i(j^cl_ucj ^J_3 jl 4 jJ Lj 4_ucLq j j^ Lx-q jLLucLLI £_uc . jLj-ucLq 

jl 4 _Jll 4>jJJ jaJlLI (j-° • (J'- C -'J1 t—SjlsJI _llc. jCL^Ul (j lj _icL l \_-v_ > j_)jj tl_iijl_fl_ljl jj^*J1 
6 J 4 ^ . \ -N. \ \ 1 ^ \ j . \ \ \ J | 4 \ 1 \ 1 1 & \ ^ I I Q \< ! | JjJUJ ^J ~N_ , \ \ \ 1 ^ \ J J , \ \ \ <11 4 jJjJ I 

S^jjjUJI 







^ 1 <n~v^|I 4K 





(jko^ (j_aj i4-o.K <■ ft.il 1 o • jy~^' pLlo-l^JI ^j)-u^^-o (3 ^jjj_>i ^iJI oUK.ll jac. £_L> 

Ijji (3j .4lUa. 4-LiIa Jlol (_£jJI j^K*i!l O^. > 11 4 x KLfl-o 4jjj-o_> JjlK pL> j Lfl.ll (3 “UoC. JjLj JjiJI 
^3 jU t 4.v.UlilJI i_>JjaJl Sj3 t4-ujl^g-illl 4-ojJallI jjj^-o j£» :JjiLi j)Uyu> (jxujjua <__uK «^U-axjJI 

s* $ % _. S f, 

iilkU \j J-u~uo tLiJU. Ij_lq 4 fl u2>j_> jjj^u &lj (^jJl t^_> JflJl ^oj-oj^JI 4_sJaUlll (_£jiJI 1 Jlo 4">fl > fl ->. 
(( 6jj/nlll jvX.» 4lLL"K jjLfl t 4.K-v.’>U-Lo 4iii/*>> 4ijks ^JS jU jjl ^aX.jj .jjKJJ 4_>jU_uJI 
SjLLI JUlj j^.j_> JiaJI j)l SjUs iUj/ii 11 oU^kJ.1 ^->q~^. (juUul j-^.^. > 4_oIjlJI jc ■ q “ K" 

«. (4_J_u3*}!l 4 KjI <nll) L$_> ^K-a-jJI 4_a_ujj_> jlj 




s.jLloa (jl(Yo) 









•L>a 1 ! i_jL^x. 


jlljj . (J^-uuJlj j-\jil j-^>_ilI ^J_C tl \ \X n i^>-> 4 Cj_u 3j_o 4_1 jLq P> AUi 4_3Ujl 

<ABC jLoil jIj!qI J_c. Lq-^.Lq 5j^.Ij ^jj^.jTu cu^>-i < A 4_A.cl\ 11 j_Q jLlLLolo jLij^ 

S4j£_ i jjj Lq .ADC jLoil jljlol j_C. 4 _ijLl1Ij 


tS'ill (JjjiaJI Jji (Y"\) 

p s> i P 

(JH-C.U I ^a-ajjl . JLmJl (3 4 j-ll P 4 _LfljJI JjC. Cj_flJ_Li I cjl^v^ I 4_qjJC. Sjj^- jl JlA-> 
.C j Bj A JjLo-il 1 J| P 4 -LfljJI j_Q (j-oj j'-tc^l (_^l) CjI jLail ^ ji_ul J 4 jj d L n 4 a L q 

(_£ Jj-aC JaLfl-tuLj Ijjj CjIjLu_q jlHLu (_Jj !4_qjHj_q JajL~v ^_ujj LjL-oLj jj^j jJ 

SljLLa .jljjCj'Jl .\ \\ /Ti 


p 




+x 


• • • 

A B C 


+Y 


(aJLxJI 4 jL^j jl (J| J-Loj t^JLxJI 4 jL$j ^cJjIj JjJ^j *JjL^_q Çj 1 j\ /n jjjji j' -v »■«! (jls 

.^ ^ 1A ^Lc. / ii 


■U-0-I.I OJj j^lSI (^ylaa-o (YV) 


t j\-flJjl-Q (jjj Llu_q j_C jL^J^J jj j Lg-iiC 4 jj1 Jjj*JI 4_CjuxlLi jljjj jI jJjLqj_q jljjJj 
14jL^ jJI J| 4jI JjJI (j_Q v Q \ Q U. jljdil 4j t jj_cu_q jLcu_q j_C (I ) 4 jJjJ I jc^.H j C-i. i^>-\ 

JII 0 J j-Q LLJj-tij 1 JjJLxcC ^jLjJI jLaiil ÇjLdLo-A > 1 j CjLcLijjl j\-C ((_ S ) 4jJjJI ^j^-Jjjj 

J-C JliUki CjLijSll JJ^- (ij ‘ L p'-S- L " Jl L5^ 


>YY 











^ 1 <n->.^11 

f - **' £ t- . » 0f- 

jl £_Sjaj jyGjJjJl ^li /nII 4jli CxSjJI 3 (jLs-jJlaJI CjIAj lj| .UjLt.u_aj L^JLu^jI 

S4.l_Lri.il CjIj 4_ajIjj. liJI CjLxLcolJI Lo S*Jjl 



tjj^jJl tP^Ii (J^ jc. J Lu^.fl/^ I 4 _lLoC. Lgj| .4 jL> jjj^-o jjx. Sj'bLc t4jj mi j JILojj yxfLflll 1 Jya pj^. 

■|* Ls 11 Sjj^ tj-l^l 

^jJ-U jjjLlJ^ 


!s jllljLa jHxLfiLS (VA) 


idJjlj ^_4> Lo^ 4_ijLc LoijJjjd lJjjIj t JjLcLLo ç- LC\ /n ^uijX ^j-i-fl-o 1 I (jLjj-u^J J~L 
4Jl_i (jLUi /n11 Lo^jJjJs 4_u*.l_i j^ I ofl * < j» .^jJjlII L$_SjJa 3 ^LiAj Lo-loj^ 4_ijLjJI 3 
4jlj CxS jJI 3 Qa jJ-u^iJ 1 j jj^. dJj JJLj .(^jjIjJI 4jjIjJI (jxiiljj (j^J t-kjU. 
jl^ jUilll ^ t M II jjl ^j-Ojij S 4 jJ J JJJ (_^jJI Lo .4j_uij*Jl 3-^- Jaiji-LoJI 3 jl Jj-i 

SL^jJj ujJ^ \ <n (_^jJI LoJ t4j_u^iJl 3^- LuoLfljkjI jJ^I j—ujj_o 3 Uqjj j-o 


jja j 1 fl"> jl jjJ tjljxu (3 4 -ILxuj jl ‘*l * “' j* jl^ .4jLii! LxjIj j^L> ^ci L\-fl 1 ji (^jJ JxajJI jL^ 
.OjJoi 3 4 v ifc jJ jj CjjL^ £.31jJI 3 4 l c > /n^ll dJjj JLjjX jJjj IjjJjC jJJIjxu jl (£j\-ui 4_jl 

i a 1 "' * 1 Q l9 















*jUI Jaj) a mll Ja ^j'jul (YS) 



t jJ Ij^llJ 1 1 Jjfc 4 _jL^JJ S4_u jUJ1 4 UC. jjiu 4 1-k a s l-iQ nC\ 1 ^Lllu^JJ Jj5> 

X 4_s Litbo ^J^c. ^sjj^ILxJ 1 Lj^ k o \ (j L J^-cac j\£. Li 1 : LHJI i jJu*. 

W n 11 JyC I Jj \ X \ J\-uU C.U_-k-l ^jUl jJJ I_ulJ)UkJI C^-l JaJLbil .^UJI (J-Q Çjl j\ ^ Tm m 

^juLii SjJ^-bu-o jJ-c. j^-ucU Jsj j-Jiu ( ij5U I Cxu (jJJ J j_3i_> .4u^.jj V * U^jl j_Uq 4_> ^ l^j ^ojI^jJI 

4jL^-’JI (Jxs CjIjajuLuu ~\ j)-r\_> 4 -sLlllo ^J-C J)j)5U C.U--w .\ ^4ujrLo 1 Uc ^I^ 4u^.J J_q 

. 1 </-> x 11 Jju ‘_J- 33 -U 1 1 _S^)-kJ I 4j^. I 3t m 11 (_uUJ I ^ 

jt L$iji= jiLmj O-^-i 4^-jJ L^j! Ji bj Ja-uil I lJ-llloI 

^J-C _\ u 1 1 u C.i.b~s- \ y__j J)5L11 4J Lxi 6 j\ x ts\ £— lo .'Ju_q kjL-Js 1 11 ma. 4_>_uU^*J I 

S^jJs-lllLI lJJJ J_3i_> .Sj^JI j-Q ^J-cl uj^^JI 4_sU. J)l lA~*U .i_j^JI ^t-3LuJ>l pJu^JI 

Cul^ i__jJ)5U I 4-LuC. J,l j-\-llu Lq ^9-^3 <i__jj^JI (Jklj Sj^JI kS lllI lu !. _ ' 3t 11 luj . kfl llU 

I Jj_3tu l-i Q llU ^au ,j_Qj c .(^ iZi I jr\-Q ^,A j^^Lllu ^ 4_u jlu>JI 4 1-k C^ 4_u JlukJI 4_k_C J^q j-\^l 

S 4u_luu 4.-k-ii 111 6 Jj 5> Jj^u i—S.\5k .Sj^JI JjC 


. jUs i_ 1 jrLfl I Lo _j ji 4_^_l *i! I J^o (_£^\Xu (_jjrL5_J ^J 


((Jjju J^. Lklaj 1JU 5 


\Xi 

















* (jLLo.il >iño .,.l (V* ) 


^ I <L 




^jlj j jojL j-Q (jlLc. j\ ts \-q (jtuljL/D^l .4-ljKJI j ^.-n-'n-II jLljLoj-o jLjljLmI ^LjJ 
i—Sj-XJ j)! cJJ c_&K .4.3jrv-o 4_sLK jc^l SjLLI (j-Q 4-Cj.uunII 4 jI jL/n^I . jA, lO.L~s-q jCLslK 

S 4iJ-K. I jGj Ij L 1 (_£ I 


.L^J jLj)!l j-o jj t4» \ \LI1 (J_c j-Lj-ujj 


jj^ij J- M /n'l lji 


*4*d^LaJI JCJ.^1 (r\ ) 


jcLaU jl jl_Ui.'i!l j A X J (3 jK-OJ (Jc . 4 -<.iKLl-q Kj^ 4_£LuCjj c3Kj~vj!l (j Sjlx. jLflJ 
dK^V^Ll 6 J. xidl ol J^llll J X n\l\ n\.\ jj*J ij-sljjl ^-3-3 ‘ ^ < >1J-'N-ll SKjJvJI cJKjj»j!l 

5 ^ 5 .i p _ %p 

Sjj ^cJ-ll tc_LSjjJI SjLllJ j-Q ^LJI Sjl \ n ) ^jl nn 1 ju-\-3 .^jjJI pLjI 5JC 


.^LJJ ^jLclJI lijx Sj 1 wnII cj*J cj jjjJ^JI jo j£LJI cJKS~»j|l 

«jKI» LcjLcUJ ^LJJJ jl cJKjjsjll ^-J-Lj-CUJ (Jc <LjJjI jo ^jJI 4 JLcU-II jvuLjJ j*JI 
4-cl fn.ll jllc «iLjl j Sjc 9'j° l_Jjj*. t qI \ L^_l 3 ^jJI 4jjl m^I 4 JL 2 H jj_\j Sp, /11 'N II 
F 4_l3lSI SjCj 6Ccuj <M 4-LK-j ^(JL-LI Jjj_cu jc .Ljjj*. <_LLq^ 4_l3l3I 4jIjL_cuI jJjjv. 
£ jLxjJl jl jLJJ jl LliK-CL) Jc jj>4 4 jIj-L-CU^!1 ^JJ*.JjJ j-'.L'N-l <j\-QjJI J-JiJ 

4-jkjjj ^jJl F/M £jLujJI jj_Q «jKl» 4 jI ^j_3L-oj i(4/3)(F/M) jc 4jlj.L_cu'bLI ^Ls^ll 

P Jj p p ^ .S p 

j 1 jj jj Sc3K I JI jljJ J (_£I jJJ ^ L*wn 11 J1 Jj_qI jc 4 _LLujj J-cuj jt^. 4jIj L /n*lJI 

j L j \ jJ 1 j 1 \ \ ~*.j LkJ I j Lji-s^ 1 j LjU I Loc j^ LuJ 1 cJ Kj 1 Sjjj F 4 o \ L11 Sj_EJ 1 
jl jj j£LuJI dKjV^l SjLs i^- oTl-v- 11 g-Ljj-cu^l j-o jLq *i! .4jljLn j!l jc jLjjjll 
jc .jKI 4 Cj_uj cJjJcjJI jc 4jljL n jll JcLuj j.ci-~s-> tF SjLJI ^Lvjl ju_3j (j jjKj 

S^Ljj-cu^l Ijc jLuj 1L ~v ^l ctJLc 




-Ljnlflll ojLx 


J^». x & jc. gJijJI J L-u-ol~ v"i-ci [ j- 'j)-LII (j-o 4i^J ^Lol SjI (j /"i J] Çjj <|[ L j cjjjjj (jU 
'0 0^j-ll 4 L) <n*Jl j-^-l (jl^ .^>-^.*JI j^t> (jiiliAJI (3 Llj-ci^-"v-o jj "\/>»L ^^jl \\ < 11 II (jUj t[J 

«SjJJI lUs (j-®L J^-Io (^L ^jl 4_jfLaj J-i »11 l-i^J J-i-alxs ç-^l j (^\ iJLiis J-fi»)) IjjjLj-ujJI 
jj J-t H» :4jlJ_tu jjjLj-uJI jj^ ((.Ij-A jfllcl *i! t \/ 1 1 L *^U» *Jj) <n I j uU 

plcJ^ pIj-x-lu tj)jj)->• (joU-j tjjj i~*. j\_oLuj LjjL) ii'J.c 4 J [ J-n * 11]» : jj <nI )j i_)UI 4_>l ^ \II 
((.L^-lc. ^JijJI j^aJi <nj Lg. 1-X~\- > 4jl Ijx. L tLjJj ^jc. Ltc-lij_) 4i*Jx. 4 J jauJj ... 


jU.L'Ji (JajaLj 


jajj^ll . ala (T V) 


liaj jCj l 0-1 - (J LI) 4_J J_U^_)_L I ^ ^jj 1 (J^j I(JI J-uA.0.) — JoJ) \ ~v L fl L ijU. 

t J^l)jLJI 1 cJJJ j-jlj i jJ^. • ^JUI J-° «^J 3 (g tu\ I/o\)» L.)-)-~N-) >.— O-LLI jjs^ci J^j^. 

\ /nllj Ja_)^ jjJI ( 1 /-) 4 -)^ljJI SjLj Jli. J-^S .tJjl_a_S^jJ 4 _flJLUo gLllill ^gil*) /n^ 

-g 

(_iiLI J-3L A J^-O-) <4_)^ljJI fciiS) JaLcL) Jli. J-«3 .cJ^-2»_j ,__0.L) (_i.LH J-3L A JyUoJ 4^-uljJI 

** $ 

(Jj^ J^_)^cuJI 1 (j ) 3 d). 1 /II ) ) 4_)^ljJJ 4 U ) nij 4_0_LS J_C. jjl X 11 J!Ua_L1 (J-OJ . cJVc. I J ) X .) (_iJ_) 
S 1 _ 1 ) ~-fc X JI cJ j Ln 11 ILa j\-lllQlJ J!^_oj *.—S.cS .4-w~)^)*JI JILLoI J_C. ciJ 


.JLlJI 1 (j .* a< \) (_Uj*^l ^jiu Lojic. 


**? jjiiii (rr) 

J_C. Lojlj 4_oJ-ij.)Jl 4i L)5vJl olj 4_xo_uUI SjUll jj 6*) /i) JiLo U jjj J_C. (jl ) /n ^l (J 
_\’)C 4-j^-^. ^i^jj (_^JJI Lo . JjJolI 1 J_C. 4_lo_uU.I 4i 1 j U a )*J I J j 0*) n)j .4_)i_u2)Jsl 4il j U /i)J 1 
_Luo jl ) jjj ij JjLLI ^Ja-oJl J_C. LL^jJk ) di mo j^s.) J-C-)) C.lo_u < *)_o Jaj^--s_o 4_z*.^>-2*. J 
S ^ ) 0*) (II o J -~^-) J-£- U_) -LjjiJI Jjltv jUoj l 0 *? 4jL)LujJI 41)1111 JU-iuJI 


in 





^ LujU I 4^ 




.j.5.11 Sjj j*JI ojLj LLo LLj 1SjjLxJ 1 ojLj oL-oLJl 




f iAj^l djj^j (T' £) 

^jjJj 6 J£.Lllo ^I 33 J 33^ /n.ll 3-0 cLj-~n-i (JLflJojJl i_ x lcl ^_j_ILj_ljj_i 

S j-o^!I IJA (j. i.Q-~L> 3 ^_oj *—^J^ . j^l ^ aua ^l jl 3 <cjj!l 1 j-txboJj jl 


jjjLjjj L-ujj d (j-Q J^ j\ <" Jjjj SjjLJ jl ' d_l^J cjj-LI i^, \ ^ N Y ^Lc. j 

4-ai.5j j_3u jL LL ‘ t _i_ç 1 \c. (3 SjjLJl <nj (_)JxSj tpljjjiJI (3 Jjjj SjjL. LxuLSjj (jj-ouU 
L J i (jl (jjxSj |XJ (jjaj tSj^u^J LjrL-o 4jj^ j J- 3 U *il_S jj <IIJ j| L1 t4_LojLu^JI [^jLoU 1 0 /nV\ o 

>_sl"itnjja. j-Lj j| ^\^\Y ^LxJ pLj_iflJI j Jjjj SjlL cjj-a j <LLgjJI «Jjoujl ^<nL 4 _q_ojI 

. jIjLJIj CjL)L alI j 4 j jLiJI ^ijj 1 i/^oll 4 _i5LijL 343 * 5 ! 1 CjLL vlI jjrL^-xi t(jy\J 1J 


®_i jJjJI Aaxlsj (j Aa jfl.j^l Jjjtau (VO) 

4JjL-UL — ^ L*\ wn L LUj'uxS t4 o \o4_3 lSJ 4_r^. 33 jjlI (J-C- t 5ol 311 (_J_a_Ll 1 ^ 0 1 \ lj| 

.^jJj-ll i sl_)-Ci_j'JI ^_L_jlj 4_Lo,J-5_i L x 1 4_Lo£. j*jL. j)_o LcLilujl 1 1 /n*V\ \ j)l — LLUIj 

S 3 _ 0 *J I I j-£j j)£. 4 JJ) P \ /lll I 4_UL j-LflJI O L_Lo_3l 1 I Lo 


i!: '^uj KII d-iJLxflj (j j^l djj^Ii (Vl) 

S 1 (j vlc v 5 o1 j ciuIj J_3Lflu LL v__sJLLo 3 _^_j J_c. 4 j^.j^. j^!I J_c. 3uJL^. CuI3 ciLui-j £_a_u Ja 


\ 3-oiJlj j)djL» 

£uL-OJ (j\J 4-flj-S jJl 4-SLu-ll 4_S_)_3»_Q 3_)3 _)LjJ I (j -0 t(_)jj_)*J I (j-Q J-Oflll I_ )l jr\_S I (J _i_3LQ i_)Lu^ Ja.1 (j-Q 

^_Ljj^_qL (jc. 1 Jjaj (jj 3 -jj (jL L 3 . J 3 -LJI 4j>.j j ^.-y^. J-c. j-q1ju Lj^J j 0 jjJi 3 tLj^joj (jjjj'JI 
J 3 LJI 4 _ 2 i.jjJ *J_vq *\ * j->-~) £_1 jj IjjL. 1 jjJ-fl-") ^_L-j_ojI 4jLs t[^\'\ > \ > \ ^L j] 4.ij5s (jC -3 








i w wn-> \ 1 11 j_d jU tlj^J 4 _^_lL) .(J-s-flJI >jJ1 jc. ^ jju _) /j.JI jljJLa.) JiL) jU l-o jAj tSj^ljJI 
^g. 11 ^ aJI £_)_)JLll (j>La (j3j Lg'yy.) t jj*i!1 icLtuJI 3 Lojjj ^ Y ^-Afl.UJJ (_>>l >j 4_)ljrLil 3 J-O.0.JI 
jjj JC> AsL)lJI Ijj) jc. LuAlj (jjjjj j^_) ^J •Jj'JI ^LmJI 3 Loj5 >jJ1 jj^-» cjl ^ * 

dl< /nlI 4>jL) Ij jU t4_L)jl^_)jJI oLoljjJI Lojj t j^».I *!iLQLc. 3I t_ii ~Lj><3 x -L' 6j.U»j j^L». 

. LqLc. > jvjIc. 4_)I>J IIsU. 

oyjjS cñ. . i~'i 


*5jljjl tLLa-ad) (TV) 

tj^ Jg5L' ' i s j Jjlo (*Lol ^^sLi^a^JLi PjXc-a ^jLLsl Cjlj 4^_I^)J 4 I ^ . . . '1 maj 

>_) 4_ujjIjJI 4_La_aJI jljj . jGjjj-fl_LI 4 _)>q J_) (J^ J ^-Ls'JI jjrs-ll jjJ^ J-° > SjJo 

(Jjj^. jl aujJI J| j>L).Ls SjljjJl 4U * II K /n jJ_L) ^jl J-)j-) J^jJl (jl (jAj-fl_) .4 _x£.IjJ 

4x.'J_uol (j_Q ^j^ujJI 6_L) i_ijr\_fl_) Loj_u LlLsI jJ-~ n >-II (JJA) (_£1 tJUJI (_£jj-Q-xJI Lxjj-r>_o 

6_1d LA11 _LmJIj (^-Lo. il I 6_Lu ^.LojJ £_S_lJl tn (J^-S tL^-lc. ^-Lci il I 6J.) _\ )jj 

S (__)j-Lkl I 3 (_£ j'-tuJ l 




















^ Lu^i I «L 




\jja M»uiu^!l loA>! jL tt_>_uj^_s j'+k^!l (Jx. jJj ^_Lcl jjjjii j^_> ^J 

IjX t>_>ljS jmi Q-> jl ^LijLjJI jlj-o Jx +1.0-3 _lcwlj j^jJ jko_> ^lJ j-oj ijj^lj jj^ (jj-ui Jc*j_> 

•a*H 


( __)Jj'J->'J (jJ > <11 J\JJ 


*C'oiiO<i jIjjxj pl 'Ui^iSjl (tA) 

Ijl jl j_ 2 *__> l^OuLxo Ujl t/-\ > cj-Q'aJo_lx 1 "y 4_c.^_uj tyi 4_1t>5C cj! j Sj5 jjl (_}iA_> 

$ t * 

4Jsl_L jj5L <11 3 <1 jjh ^-UC lj[ j^_l . 1 (g~> > Ç. 4x. j^llIL Sj£-ll Jjjr\ /ili ilj_)-Q f.jLuC->Jl jl^ 

^j) L^k .^oj jSl ‘JJj^ (JjjjJ cinv t ^kjJI (jU <4_kji^Q c(l/2)mv 2 <SjLJJ 45j-JI 

.(ju5L*-LI fcLLjjjl (j (jSll 4 (g JJ_Q jj5l> /II (4 (j >*>Q 
Lq (j 0 > > L"> ^Jljj_> ^kjll JLixfcj 4iLkJI 1qA jjLs (j| u_flj_uajaJI ^jLiJI (Jji-> Ls 
J-qI ljj5>J .((jkj^ll + Sj5JI jl) jljCiJlj Sj5JI (J-Q (jj5CTu (jjJI 1 (j K 4_0ji-VdJ (J_C. 

jlI 4 j_q ikj j_Lq J> 1 (j ‘>11 jJI) Sj5JI ^^j (j * JI (jLs 4JLJI 6 J-A (3 • ^ >^ <<o 
<(j^jSll + SjJI ^kj j jLLJI Jl 4il_ub[ cm(-v) - mv = -2mv <( L plLL'JI 
jjlj (jJ 4iLkJI i>j_4> j5J • lj-ko Lo^-c j_q-j--q jj5_> (jl > >_~^-> MV — M (0) = AfV 

j_3i_> 4_J 1 q ^ I 4il_kllj iTYlV 2 /2 ^£i> ^jLkJl (JxS 4_JLaxk.j!l 4iLkl I jJ i 4_L j_Ls_q 

S jkiLUl Jk^ Lq .mv 2 / 2 + MV 2 /2 ^ f jLkJI 


j_a ^J_xJI ^o’" jl jjjJI ^-ikLuo L.iii t olilj-+llj pl_ks.*i!l j-o j->jJI (^5*> > jl |\L11 ^ >k> <n > 
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Jj pLo-mJI j-o L_uL ^jJI JjJjJI J Ljjjj^. I^ Jo- jj") x 11 j^-oj cjIjLl'JI 0 jj) jL jjjjj j_ol 
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4^j^J jju^L»_q qL^u! (3 (jl^j^L> \ *\ A Y ^Lc(3(jU ujLq ^lc (3 uj!q _) j^Jo jL»I 
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j-o CjIj-q jmo-v — 4_i5jI JjLLo 4a3jI — ^jSl Çjji^-laJI 4_> jJjtu_> (JjJI JatuH j Jj^jLI j->jrvJI 
.j*bUuUI (J-O dilj-O JIIQ~V > o L-Qj-u-i.ll 4_ojl_3_o J-C. Sjji ju£1j ti_J_u^JI 


JuljuiJI Aj^Lo ())“) 

* S s * 

^kjj Jx Jllll ^jaJI J 4_ucLA 54_lLuCJ_q ^_^J_uoI_£Lq jl j_Q (jj^_cu_> L-uol 1 /7)1 LiK Lajlaau 


jj cJ^JI JI^L <u (j-u 1 /nA^l1 (jc. J»u Lq j£-J • 4_uAL>jJI CjLuj JjJI j-Q (jLi 
j_Q l_4>jLC (j_Q JLLVI 4_>'J_uC j"lSI (julj\iJI (jl ^-Cj 4L 1*11 > 1J-Cu 4 _>'J_u2> jX 4_)j_Q_3lJI ^LljJllI 

S4_>'J_ucJI 6Ji(j > (juIjilll jljjj^. (jj^_> (jl ._i-~v-> IjLL .(JjvuaJI p, /i i>. II (j 4 jj.l-v- 11 jljil 

4-LaU ji^JI jljil t_ llc.1 .4Jj_Q*JI (jA X \ JjjIaU LliJi 4_>'J_ucJL> ^'.\ X J Lq ^c_u 2 JJ J 

(j_Q 4 jLLL> (j_Q (jj'J J J_QU_i pLuJI (j J LjL-Q i X 1C. IJ tL^Jjia (j_Q 4jLLL> N (j_Q jj'J J J_Q .*1 > 

L^i^-ou 4 jj.l-s- 11 jljil (j-o JjJ-3tJI 4 (jAlQ-*i 1I J_C. .4-iLunll jlj_LL> u_Sj_3iJ jljil 6J_4>j .L^JjL 

9 

.) _il uuJI (_£jJ 4 -jLjJ.I pLiiC. jljC. (Jx 4 L^Jjla j_q 4jLLL> N * * 0 * jj_Q J J-ciil 1 







jjl J-oju j-ifC-CuJlj jJlLllj J5aJI lis-Aj (^jJI 4J^!I jLi jLcu)!l Jx. jyy*> ^iil jA-luI 

. Lg-Q I I (j£. ^ I ** 1 « ^ < 

j.U k 


(N £) 

Jjl jj J 4^ jLj j (jjjjjJl J-loj j! L 6 jLc ^-oljJI j5*jj 4 jLqjJI ^jujU 4-jj^.l <<^11 CjLo il x"\ II 

SljLL .4_jJ £-j_uCj_q (g /n jjLiii j)j^-j 


^sJ (^jlaLi. j>~s-' J-C l-g-fl. v-uk > ^si t^JaLi. j)J_C ^.L5jl SjulC. ^niH jjl 4.V\-cv> 4_3jC.I jj 2 -I Jj^.1 


. 4_2»_ius_ux] I 4^-jiilLs ^ j.-t-> 


J jj^jjj J JJ^ J-^ jJjLs JjjJ 


jjLaiJI jiJ (\ 0) 

Loj IjLJ^ 4-ljfclj JaJLuiJl (jl^ lj| J-t-O-^Lill pljjl Ji Lfl.ll I pL<.u£. j-~s- 5. V > j)l jj£-AJ 

L \-uoj-C. ^,1 t^jLfljJI jIj!qI J-c. IjJ jJa (jJj^JI __yy-Q- l> (jl ^-^j-ll jQ £>Lr\_>I ^l (3 

SjiUUI 

loluaJI Jx J)j.ñ tr\ Jijluuu (S"\) 

.1_> L<^> II j)-Q j j ji-uO jC. SjLjC. 4 >0 \ 0 ~s. (3 J-& ^ojLujI j) Jj L^J (\9jJI djUuJI J£ «llLot 

j)l^ jLk| ^J-C. Çjjjj jjil^ ^lIjUI (j’i! ‘ 4 -O.lH-o 6 jj_u^j ^.‘uai j)J jJI (jl^ (Jjuulo Jj-S-C. Jj_q 
(I—L >.1 Lsll 1 (3 (J-& 1 - 2 S-J £_Q .H jl X U_ 3 jJ*. J^-Lu J-CL ^jj- 3 L-Q J^jJs J-C. 6jjJj O-lil 

S 4-jj ,.L~\-l I Csljl Ixujl £_ii_U^J J l_vl-U^lll (jjJj-U^JI ^l jjs-J_Ujl J_Q-3Ljll Jj--N-JI I jj) 1 _ X \ JLU Lq 


^ 0 « 






iocbll JSLjl 


4jij£JL jujJj jÇ-\ o <|JI (3 jJ-oJI y'-tt) 4.Lfl.\5>-) llfljj_*J JJS) «(juj.fl.ll £JjJ!» «Jjj (J-o J-LO-flll 

. I ^ \ C. I /■> / 11 1 1 J- \ /II' 


((jujjjjjLi Jljjjjl^JI cjLo-K L 




) lifLJU. 


j^UI J%5> (W) 


4 Ls ml jj 4_ai_Sj ,_ \-~n-) gc \ /ii) (j-° £\4x.l_5_fiJL) 4 wnl \__S 0 m L^J SLLa-i-LI Cal jl~) m*JI jA »j 

CiLoU(JJJ.L JI i__a£.'J_q (_£jj (jl LAjI Laj^-Q-> JjLJI jl jA-LJ. 1 (jnO Lll (3j .dlj^JI L X i/V 

- ^ P 53 ^ 

4 f- 1 L \ / H 1 \ jj j^V \ i fl \^ , dg. 1 Q Q 1 L 4 ^ \ \ /7i 4 JjLq- 0 4j^_LuJJ 1 Q Q /n l \ is l L. * /\ ^ tSj d —_1 \ /n I I 

— . ■$ fc 

< ?|LJ V J_Q J.-S-) (J_C 4--Ñ-0.1LQ CjUUiJI 6 J-4) (J_C. (j_Uj (jl ^jlj-Q ^ ) 


j-t jUJ jjaj j/. SjLi) 

• LS -Ljjk_/> j-ki jli. j Jj^jj (jl 

«^jLLI» i_)L^ (ju (^l (3 *i! 

J (jii^C > 11 £_ujrU I 5jflJ £~ L ^‘ LLJ1 111 ^ 11 j I 

Jj" Uj OjJJj 



at,l j^JU-UI (\A) 

(jjAj t^t 1-S ni*JI 4_lC.ljj 4_LQjJi Jl^-Jul (j_Q jLatj'Jl (^j'JJiJI ^JJ-SI-LI (J jJ Lcl~S-1 I \__LHjj 1 jLL 

*5jiUHI C'jfcljhJI (\ ^) 

4jLq JI tSj^-lj ^JJ (j-Q jTlS I (_£ I I jA_QJJJ_fcU XX jHijjl ji-flJI Çj-icljr\j I J-J_ULfcUJ 

4jjC. j_q*JLj ^Li.0.11 ^LLuujjI I j| . 140^ UjIJ 0 q 4 1 ~v C 6 ji j-q — ! L^_C.LojjI jJJ Sj-q 

• LojLLs (J\ /iioL (j-Q (jj^_Q (^JJJ (J jJ ji_flJI 6jJ J 0 QJ (jj*\ \ mS t6J<n% ^Lfljjl 4 J /11 j 

SIua (jc. j^-xj IjLL 






-Ljnlflll ojLx 


j\-2». 4 .vLc. L\5t j-yfC-fl.l 11 /II^ ^jnoj ,J_C 1 (j !->■ j^_oj *i! l \(j ->■!JJ ^yjJl 4_cig_LI 

. L&Lj 

(j_jLijii_i_iI o jJI 


*.“«I*»Ij t-v II -«I ^ ■ ..''.■*« (v*) 

jbjl JjLslj jlJ _£lcu jj^Jl lAjJp <LfrLkj ^ I ÇjLjI j). l~n_ 1 1 -s -U i um SjljJ JnC. 

jIcLclj JjJj 4ij^ J x ->. \ m 4x.liujlj 4 _u^j£j jlI Jj-k 4-fl.c.l <Aq jl^ C -\.\ t4_jJajkJl 
^l^flll (3 SjIjjJI JjLjlj jIjJLoj Cj'J-uu.jlJ I Sjij x J1 Sji j! J jj .u-il * <<c>l 4 jjLcj 
« u-Lc.1 //^11» jlj.i.-s-ll jli 4 ^j jjaj .^JajaJl J x j 11 x ts 'i JjLaj L^jI ^jjljj t^ujj_3iJI 

‘ icLuuJ.1 4-jj^ J-QJ^J CjIj-Q £J^)1 jlj-flLCJ (_^jil Cj'J-LjX.J ^Ui_3LJ £_XQJJ jl 4jl_<iu j_Q 

. CjIj-Q ^jLoj jlj-flLOJ 

!l(j AXJ-flj J_QJ^J jl Sjj^-l-C. 4jJ_3L-Q CjLjIJ 1 ~V Çi. C\ tS^\ ^jj t4jl X 1 1 SjiiLo 4_3LJJ_LUI j)!^J 

jjjJI I__sl_3l_uul 4jjI_QJ ^X-Jj (jlxuJI ^.UAc. 4-llc. jj^J jl (^g-JLJJJ (_£«]JI ^-'N-'N-ll Lq 

Scjlji-fiJlj £jJ_u^'JJ jl ljjj (_^cll Lqj 


^Lc. Lfrl<aj (jaljj ^jjLlII uJJj jU -1 JlJ j ^\*\£Y ^Lc. jjUj j-o jjsljJI j jvLilL^. jjj 
j l^j <1 j-vl-^-J j ^ \ *\ £ Y ^ Lc. j\ q <iu j j-o jjj^ti a J Ij jiLo LLJI j jj jjj jJj . Ij\_kj | (3 ^ N *\ £ N 
(_^jjj j i s*^Ll^!I i s*d\~>.*^1 Ij-A i \ \ ii ij ‘LJLkJ j ^ \ *\ £ Y ^Lc L^ILsj j^s jj ^jjLlII cJJj 

s s ç. 

jjj 4j^.jll (XJj-SjJI jjjS^ jc*i!l 4 jIJjJ 4JdloJ.I ^tjjljjJI (J-C SjJ-C t(_^jj- - ^-)j-2>J 1 (ijj-SjJI 

.^\*\£Y ^Lc jjljj j-o ^jIjJI (3 jjjjj ^Jjj <^\*\£Y ^Lc jjUj j-oljJI j jjJjJL^. 

jj*i!l i_jU (JILLuj 


* ^ 5 5 

(__k • 4 -J-Lc. jj_Q k-fl-XUJ j 1 J 4-*L~N-*l LcC. 1 J li jj^J Ç.V L~N-1 1 ) J)j-J I j_Q i JI (_J^1 jj 

S 4 Jjy£. Jj jj 4 _sUxlqj JJlxuJI 1 _JLflJI 4jl_^J J-3LJ jj4j jl (_^J) 1 3t 11 (_JLflJJ j^_QJ 


\0Y 







iocbll 




«• c- ^ Ç- 

4X.^g-ijl Jc*. JI-L& Jj 1> 9 J 'a. I' 4_Laj mi >1 jlj^J jJ-C- pl_5_l^!l j-5l.ll ^C-lj ^ 'la5 ' 11 1 1 Q 




Jl 


s* *" ft *" 0 * ^ 

!”SLa»_s cj jj^. Lo «.1 uj-o ^_o cj^-qLuj^ ti i_ij-o ^_Q ojJ^ j-SJ» rJ^iL iJjLo (jl^ Lo 1 

jj^J-Lll SjLs J*iLL. t^k.N ^ N * ^Lc ‘JLa i_j->jil jj^JA SJLa J*iLk, ^Lc. jJ^ jis 

. d , ■ i 0 ' ,_ uJ-qJJ d ' 11“ 11 





LlJI 3 U2> 0 II 




^ j £. jj-lijLujJl Çft I QII lS UULU ^jJI ^_u5>Li_LI ^l JjkH xjj \ 4_u^^S iJiJI JjLuj^ Lj^_j_qj 

.^CuJI Jj 1 flj x'\ ts> ^uJ I Çi ll t\ LoJJ I *\ -o ^ S \ J_sj CjLjJjLj J J^Lx^JIj L\. u LLj-1 I 

Li/\_Cj Çj J LlxuJ l^ oL^-JjJl^ JLij^l CjLj j£. J_u^-flJ1 IJj5> J Lj5>^j Jjj ^uJI ç\ \ U 1 *JI J-O^ 

J ^^J.-N-ll cJUjXfc'JI^ jj^LujJI cJUjXfc'JI Cj "° ij^ CU-Jt-LuXIJ . J-O-UI JjLiUJ J_Q 
.j_L~s-JI jHj cJ.iL IjJ ‘ÇjLJ.- n-111 6Jj 5> (2)-° Ci_LxJI J ^-flJlLLo 4 _q^_o 13*3‘J ^^^-LjJI 

ç, S ç. 

6Jj 5> J-o CjLj^j-LI cJjJj 4JU- ^l J-*-S 


Jlid^l AjjX. ( \) 

^Jjj ^jJI 4jj_jlJI (j-o £_3jJ1 3 j^ u - J l lA-Q-L LflJ'J ~\C ^Lijjl ^li> ^jJI JLi.L'Jl 4jjX: Jj5> 

^Sj^J^ Uci L^-j'J c. ^LiGjl 


^^.jJLs tjAfl'vu ,jjLL d cL lj| S^-LLkJI qUuJ1 J Lojj 4^Jj Jj*^!I _\»<^11 jl _uC Ijli 
£_oj .liJLjl jC- JJjJ diji 4.c < VcJ.l CjLg^jJl JJX. j*j tJ-C.1 jjLK.1 JjjlxcjJI (J t_xCjj jjjl 

4jl Lo oJLjl LjsJJjlj 4jjL5-q jlijj J£.Luq- 11 j-o ^jjil Luajl ^^jjl jjx. jJLift oJJj 

.L0 t 1i*J 1 3| L ° ' J^ \3 U LgjLfi c J£-l i^ill Q j_4> <*11 Lq J1C. 


iaJUJI ^JI (V) 

_\ ^ C\ Q JCX - CLoi \ J-2V-J SU_3^ t ^ \ 0 j m Q ^LcLLO 3_C 4j 3^J (_ci jj (CLI (jU-l 

4jj^j Ljj^>i. ^jlill ^I^jJI 3^5U. \ 1 11 .(jcjjUJI Jjv.1 3| 3- 1 ' 0 - 1 — zkj 4jj 5\ ^l J^jjJaJLj 




frLjAflll UjLx. 


4_LlS Jj Çjl m \ t, _ 1 1 ts\ ij fl /n \ jjj Lq La_i \j\ -u jUl t^jU'JI 4_u2».l_lJI J| JjJLLI 

. Jdji-tuJ I 6 l_ 2 i_J I j-LLfl-l (3 J jJLL I 3 jrV-' > >-l I ^ II J jJ I 4_^.j i /n t ciU J j-Q (j^2_l_fljJ I ^J-C. . I JA 

SljUii 


J^-T^ 


.l_jLi_»JI J-c. jxx J JuJjJI i_jLlc. 


4UI Q 11 oLfi-S^UI (v) 

(jLlla. x 1L) 6Jj^jll (j-° jUI 4—i-iIIjlajul ^jU-q Lq| jjUi 4_i_QLQ*i!l ^jIULI tÇjljl wn 11 i 

•" _ p jj 

^jU-Ll J1 q 4 J J_^_LUJ nM 'i! 4_l_udj_flJI ^jl^-ll . 4_.l_u2ji ^jl^-Q jj^J jI t (jLLii-LlJ I 
6j I jj^ I 4_i_uOjU I ^j U-l 1 (j jUi 11 x \ jux 11 I J^Jj . c-1J-$J I j LuJ 4 _uOjA-q L^j'J i 4_i_i Ij tt 1 

3 

(J^jLucU ^ x c\ i 4_LiiLi^Q jj^j 4_Lucilll ^jlfLLl SjLq j'J t4jj2fclil_ll oLfiLSjlll _liC 4-flULi 
< ?4 _i_qLq'J1 ^jI^-LI J-C. jrii5Lll JLoic'J 1 IjjJi Ull .L^_i 4-udLLJl ( ^_3'Jjj'Jl cJUlU.'Jl 



&^'(0 


t j_l_UU_3L_l'JJ I £_U 2 J 1 3 4^JJ^JI Jill 1 IS 'lC 1 t JU_LLUQ j-ljJa jJ-C. Lfl-ljl 1 m Jj5-i IUijLq 

J-uO .1 (jU I 4-UaJJ I J . (jj Jjjj I 4 -lu Ij J J-C. <Al I j) J J jla LlJ (i J~\— luJ 6j 1 IxuJ I cJ jrLl J 
U| S 4j j 3t mj LU (_^UI Lq . CjC-Li_q J- 2 kj (jc. ^ljUII IUijLq X ts~\\ tjfl lO (jl^ 4 X.jclJI 1 (j 1 <3 
(JiLi 1 <«^>C. >_Ij_ 3 L_uLjj tUaj-cuJ IjI1 1 jiJ-^-ua LfljjJa 6 i.lC.Lu 2 6jLi_luJ1 JJ-Sj UjjLq CjjU 
4_luIjJ ^-C. -Ui-uoJl jjJ jJaLiJ i j\ mj 6j 1 \ m 11 Çj^jjj t j \ ni 3t j'JJI £_u 2 j i 4 ^jjUI 
^Ul La 3 tj_fl_u 2 4X.j^_uJ I I 1 fl uj-Lupj ^jJI 4-la^JJl i ^U-LI Çj ^ tjjjjjJI 

S jI jJjLoLo jLULrJI jtJij S4j j_3(_luj-lu 


No*\ 





JjLuj 


cL^LLc (o) 

■$ ç. ^ & e- $ 

1 .oi^ \n <fil > \ \ p!J^_oj SiA^-l^ ‘ J-CilTiLoILo >j^ (j-o^l \ jju tJjjJ (jl 

S^ 1 wnll (JGl io Lq*J 1 (jLlla. X J1 £_j-oj (\ 9 -S-j tJJj J-Xj . J CLwm,o J-C. jj daJ. C ^_jj I L^_j 

4 x L3 >TtJy£. jjl^jjJI J)-Q frljj-<.uJ 1 Sjl ixJJ (>j-iiiaJl (jdLa. > Jlj g-1 > \ v 11 
^ jJ 4_oJ J_C Jj_Q (jOj 1 WM 11 tJ jr\_j ^JL> tJJ J J-3LJ . bj Li-tuJ 1 ^ tt \~%.J ÇjJ-^t-jJ I >j 4_) 

S 4j^ J ~V £_3 J)Tt> (_£jJI Lq .(J-fiLxu'Jl 1 .Oifl Ut S^)l Wil (J^ 4_0 Jl 0 Oi yLaU dujau t (3Jj Jbl^-~LCI 


• 4j-l2k_> 4_tic. [^jmq /7iJI dlLo] ^>^^11 4.t.fl.l L^- > l-o. > jl^ (jjJI CjLaljjJ*ll -L».L jvuC £_j1jJ1 ^jjjj^J jl^ 

4_xjjI t>v \ ml^ dljjj-ojJ jLv ‘ JuCjll jjJ-q i—LiiJ^I 4 _lSj t^jjjjjL (3 1 v^CL 1 J-u^j-o (ji wnl jia 

p _ * t ^ s & 

jLv ^V > ml^ (J^jjjI ^jjjj^J tiLLLI 4jLfi1j_aJ^ -t-JJll ^-tul J-C. 4^5 jJ-q j~s. > J-C tLfel Q ml (J^.jJ jLo^l 
3jjjjJ1 jl Jjvj C.' >->. ‘*^!1 q ñi 0 (j^j£, Sjjlj J-C 4_3 ls1jJ1 1 4_>_mj j_£lJ I LL 4 _q_ucI_C J| jLouj 
Lq t*J 1 q ñ.i (j^c^c Sjjlj J_c 4_3lsIjJ 1 t^jjjjjL 3 ^-^-jIjj i®-° LL_>I j v > J_c dLlc> ^l^.jLl> 

j _ __ £ * - fr . fr 

jl^ 4jl Lojj . jjuUI (j^cj-xJI jlljj jjc jjjjj p!j" /ii*J 1 -LA. i__>ji L^-">j-Ju (Jcj 4jjjLv.ll jl J| jLi>1 

Sj^ ClxujJ (J^J*J1 (jl I ±6> (J-C l-JJjJ t(J ±ji\ j^J-Q (j-Q (\ < M "V 11 I_j1jrLil Q Jjjj 4 \ lAlvll jl l_SjJ_3t_Q 


.^lLJ-£Lq (_£jj^ <n v Jj tSjljJ-uTjl 4 _qL 


Cu - uAi 


d>^l julfLc ( 1 ) 


(((_jllqL^. JljI^» ^ Sj L-ujJI dj.^-o ^l JuvJ-ujL (>ijLuJ1 ^_ucjj oljLtuJl (_|^-*_luj 4jjl j A x j 
3 11 lj-4> jGLj j^^-J 4^jjdl JjljJ (_^l Jc. .jlj-2vj'Jl JjJ ui JjjJo (JjJJ jj^- 




jL£ 4.\-cllA j 4jj_ulqj *i!| 1 mjj jl Lg. i5>-a > *i! CjLjjllj i__>^1^L!1^ jiia <7iJl j_Q 41 i-a.~v 11 4_o_JjjJ1 Q j-4> 

•jils 

cAjJ 


\0V 





frbjAflll i__ul 


AS^dl JSS (V) 

Çjljl w1111 jLJ <*Lj-^J1 J-5-J Sj(j ^l l-n -\ 4-jjLjj II CjIjI wm llj 4_ijLk__JI CjIj-LiLSJI 

^ w s 

SIjLaJ-fl ^4J ^LLS (J^lj jljL^.1 cJj-^-a 4 U> /nlj \ 5jljil 

iiLlHI oljUa)(l (A) 

1 qjl ± /7i \ SjLjj jj^ Çjljl ixu-U 4. J-~i U-~J. I CiljLIa'JI j_C 6Jj^jJ.I jjj-^JI j-a (j<cjiJ1 

Çjljl wii nt"\ IjII (^) I (jJ lj-<.iJ I (jjjji jjJj <Sjl \ X II 6 J-4> £_<a (jAjbJ cJjl jJ .(jjjl^JLj 

(_^1 j-a ^jL-LI LlLi jL~n-> IjU (V) S ( jjjj^. ^l 1 (j \ lc. (jjj_J) g -1 Aui-a Cj 1 j 1 -U| jl \ m 11 

‘'■jjj^ 


Z UJ\ (<\) 

5 

(jjjl^JI -L^k-11 j m^fc 1 jD <jLlljJI j-a L j^S ^Uj ■_ * s .4 x.j%jjj 4jj Lj-oj Jj-S-J ((jxj)) J w m 11 
^ •$ 
^Lal (_^JJI jjLJI j-Lj-j iSL_a .L^j jL. (3 g-L5-i.il (3 4 K Sj 1 w m 11 4u*.ljS *J IjJ f«_sL^. 

(((jjj)) Jj_luJI L x t A ) .^ljLJ. 1 J-C. JaJLtH J_C. (((jjj» J.) /m 11 IjA-rs-a <fiGjLtu (((ju» J w m 11 

fii 

.£_Jj-'»uJ1 jjj-Lll J_C SJ1 W M 11 jJ jJUJ j IJ J _J 1 jc. CjLL-JlJI 1 LjHj tSj-£U £uL-LI J-C. 

La^ <SJjLJ .1 SjLJI Jl^ 4 Jj( g /iii Sjl wm!I jjl Lj-flJ 1 ^LjjJI <£J 3 jj-o j*\_C j-^fc-i J-Cj 

S j*J 1 Sj-Lll ^fci^j ^LjjJI ujL IjU. .jJj fcuL J| JjUfcS _Ls jjjLJ 1 jl jJ 


juL 




c/vNl U.11 j 4-suLi L*iuIjij 4_3 ujL11 CuL 

.pjuA 11 JLfl <jjjjj jfLvL Ii—jjJI JLi j 


jULL=>_c. (\ ♦) 

(3 LI < 1 j <mL a-a 4. csj-o j_Q 1jU I 4ui. 1 jC-i 1 4 Lc j . JLuuJL j jLL^-ucjJ.I jG-L % J1 j\_j 
S i S'bLLa.'ill Ijj) Ijli .Li£.l_3Lxo d .‘x J a J^oIj-lILs I ■ 1 ' 


\0A 




ij Q '' I JjLujj 



jlijjj 4 iñsHLa (1 \) 


5 « f- £ ^ s- 

jAj LijjJj 4_ij_sJI jLs i^Lo'JI (J| 4 _ij_3lJI jl II i_iJ -~->-1 (JV^. 4_jl ^ i^h <^11 j_q <Jj6 

jjJ~vvq j-q (Jj5*i1 (J-C. — j J) wn 6 Jj 5> J. v^-ll J_cu 4.ml (3 *? I 4 IiC 6 jBJL) i— .‘S.L-s-ll (J| ^jLuarJI 
(j-Q (jLLl J L<J-lLq (j'-3J-i (Jj-S j-Q 1 ) J--S -1 J VS-11 JI 4_)j-xJ Ij (JI 11 JU (J-uO IjJ I (_|j_J I 


J Vr^J1 JjU '-LlC. (jL) JjJ^jll (jGj-flJI jl (JUJ jl Pj-oU (j^-A-> t£-SljJ1 (3 .4_LajIa 

. J 0 <<Q LcifrC.J-QJ^_Q jLljl jJz. lll jLij-flJI <(Jj^Jl Jji-Ii-Q j_Q tjj| . j Ll J l_uj_VQJ jLL jl lu!q 

jj| ' Q ^ .4^j^. (_^l J-mJI jc. ^vvv) jl j^_aj t jj*\ auJI (j-° P-kijJI j’iC t4_vlc. P-LIjj 

S j J*\ AuJI j-Q ^ Lq*JJ 4_1j_3lJ I J n) (3 ^L~l- il I (j_Q ^ j Lvl I j I ~N 11 (J*\. Q \ \ 


jvjJjLai-ll Jo_)j .5 = (1/2)tlt 2 j V — dt '. ll-iV)L) 4c.jl/<ñll 4^joJJ jCLSjjA-o jvjJjLai-o-) IJ_)l 
.V / 1 = 25/t 2 LL) jJ ^uvv) i j^-SLl Lq.A J^l j_) jl <uq jj j-vjGJI J a -»j 4 £1 4_Lo_*J1 4 -clvS 4ijA_Q J^.1 j-o 
.1 = 2 jl v = 2f J-~v.ll LvuJ ^L-Vv) v = s/t Jjl&j iljLail \<n)"))j 


4juIslU oLj-vll (IV) 

jLLJ.1 ij jljnJI a 1 ~v (J-vrvLo K-L. J ^jj.'il jJj b 4_3 iIvqJ I CjL) jC. 

S1 j Uj S 4_va I_3 lLq 4_)jC- j Lvu-q j_& Lq . I 4) J-q l_Jj j 0 q Ij Lvu-q 


> o<\ 












•L>a1! i _LK_c. 


j^ai (\r) 

ç. a s, $ 

4-a.llU.I 3 -j! j-Kll (jo -Kig-i jl a i (_^jil ^jjJI ^j -0 tcJj.^>_ilI ^LUL J i x \ \ LlJlj-iij 

t cJ j.->>- il I LaJI J-C. 1 /7i*jl J_a -LjjJJ J a u~\ \ La\ i> . oljlkLI (j ^jIiSll £>II i 

S JaolL O-k^-j (_£jJI L 03 ScJjc^-xLI fJ-aJl 4-C j*jl i ^jLoj-j 4jjJ_^. £_3(_£jJI Lo 



^uiju^u) 

4_»j_ 3»JI (3 (J-uJ).LUI J 0 \"\ n) J-ui-£L» .^_&'J_LI jLks 1 —)jJ JujLIj (ja^JLIj jfl Un) £^LoluU 

Jj_jLI LqI tjLL-0-11 1 —LcriVio (3 Sjjj^jJJ <_»j_3iJI (3 (j-uj.L^-11 (ja-Jlil J-lA.cl> LcLLu t4_i_aLaJl 
IjLL t&jLL^->j Jj'JI JjJI ^ 5 -&'J-Ll jLlaj ^-EJju LcLLu .Sj-v^LJI 4_ij_aJI J mjj^jJI J-cKiLls 

S43^1111 (j-° 1 —i^lj J^ J| 4.i ojljJLj I_£lLLL_q 4_>j.-^-L1Lj jj_3»_aJI <jjU 
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.XuoljJI jl^ (_£jJI 4 -LuCijJI 6UJjI i—uj-flHlL Jiaj ^jl l!1’\5Lcu JjJs . IfLiuVjI J uJ-uaj 

s^u^jj ^iiGji js! jxUi j' 6-° j j «ujJxJIj 



.*J_LO N 0 jc. _L>Jj jJ-C. £_fl_> i_iljxi-ll (J_aJI jl^ Ijl AC-jJI £JZ-U±1 *i! jLls-LI j 


jUaLflJI (_)jii-lla ij jClII (A) 

9 , 5 

i—sia-flJI <_uji JLA-JI Jl^ jjljJ (3 j\ mjj (_£ji (J-^-O ^ud jjJj-fl-fl-LI j\ 0 ni^J / illl JLiu 

SdJjJ J_cTl-s-o j\-lllQlJ J jL<Lq.l1I liLlVxlj Jj^ .j'lj- 11 (_uLi.fl.ll i_ jjS jl <mII J|j JLo-uuJI 


jiLfl-LV^iI 4_> jau (Jjjl 4jlj (Jj-xlL j^_uuLuijlji jLu) 4_>jrUfl-o JX)jLi_’> 1 JJJjJ ^lj-^"" 


(jxLftlaJl oLxS^j ( ^) 

^ A I X II jx>l_uj'i!l LcuS (L^ut-O J-fl_L> Cu^ lj|j Sfcjj5i 4-LlUj-Ll jilfl L-ll CjIulSjUJ J-fl_L> Jj5> 

S Lipljj 

.6jukLI 4_fl_u^l_aJI JxS dLLu^Lfl-o cJ-Lju jl ^ajJJ ju> (^) 

.4 Q i^lc. J^l JxS jA^I SjJ-u^J £jl_fi_ucJI j.L0-V> (Y) 

. ijJ > /7ij jJiII JjL ^(3 q c4 > 1 q /mII L^jjIj^. j£. j j cJl jljjl c>olj| (v) 

>A£ 














.LJ Lu^ jnO 1-^11 jjl jJ^J.1 Jaij-fl-<jj ^jjlj jjxflJI J^c^. 4 0 l~v J(0 

. 4_fl_uO LxJ l i_J^J-& Jj-3 £J_Qj_j 1 J_C. j-\_Lj .Lj^ UaIj _)^_lLJ l ( 0 ) 

. JjJJI j-u2> AJ ni*J I J jL^. J_Q SjljJiJI 4 j^.jJ cJj^-OJ (*\) 

.4_fl_u^l_xJI t_j^jj5i JjJ (_)Ii-q^_jj JLjJI (v) 
.4 Q I^LJI i_j^j_& Jj-3 pLU L jjj Jl^ çjL q_uj*JI (A) 

. Jilfl L 11 (J _A-*-i uj^ -l^- J | _/UUJ Ijj j-c^ _) !_\ l/*V\ I__flj L$J I cj 'J_OJ I ( \ ) 


jUa_cS 4-fl. Q JAj .pLII ^jo j-L 1 _^JI ^->jj (jl (J-C. ‘jja i_flJI L^jjj 4 v v Q /ii j)fl-L%") jl Jj£ 

■ Lcixull 

«JLfli-vbU 4-laj) I x 11 Çj Loj I * 11 4_flj J_ 2 s. )> jlj)\_x i jtcjJ^jjJ Ojl >_jL^ j^a 


^LjJI CiLiLaJl (i ♦) 


.Q--^_J.I L x iAII ^JoLj-q J| S_^-uLj-q j-oj^LI L * iAII ^JoLj_q j_q (J_c. jJl <_ \ 

H 


S 4jJ~~>L~*. ^l 4 \ i^i 6_)Lj_3lJI 6J-&I 


4_^J1 Q j.4) Çj-mJ-S jij «^LflJI Jl^ 4 _qJlJI j^ Loji \ \ Y L^X-Lfljjl £_Jj Lxq_uj_) 4 l~v <iiq 4^.j_q j-C.1 
j_Q (4 \^-Q*JI L j~>- JL) i__s!j^.jLq ilLijJJji ^j*J-L1 4 J~\ <nljj SjflC. *\A 4lLc.j-_u c.\ Jl I.) jl-u~\C.| J*iL^. 
<LiijjiuJL t j)-->k-C>J (jLtu J| JIQ 11 t *^I_ijLq jLo^j'JI (J*Juk. jjLq!j (ju| (ju| JJ 4\ ifl /nll (j-L® (J-C- 

.^\^YY ^.Lc. jj|j^_S j_Q £-jLuJ1j (jujl <nJI 4 JjJ J 

(^ \ ^ ^ A ^ 4 \ <nLcfl.lI ^lij*JJ jii)) i~^ ic.j_u> j_q 


0 || 5i i) 

J^_C^_3 (j-Q ^JJ>\-~N-J 1 5 J^-J! t-J3 l/V\ ^jLlj j)! ^JLJJJ 4 J_qL^JL 4_Lvifl i_jL_Uuj'J 

4u^.j J JiI 4 j^l^JI J . JLoulJI ‘ j-u3jj 1 j)_Q 6_)l_)^ Ji /nI ‘ Q Jj) 6J^_)J -i inI cl i /7i 
6jLflJI J 0 1 ~s iii 4 (4j JLq 4j^jJ A*\, Y— ) 4_jjj l_£j_^_S 4c^._)J \ Y A, A— 4 4 1 m q 


\ AO 






pLjJlAJI -s. C- 


>. 3 £_flu 4 \ \-s x Jl 4-ij 1 aHH a i*JI i—SjjJiJLs <dilj £-oj .4 -JlJj).Vn.11 4.h_1^_Cl1I 

4-u\^LxJI 4..\5LLall i_jLi_iu'Jl Lo .4 _jLs_1J (JLjlS j_-U> J-C. 4-C.jjJI (j<Sj_*u ^u j).'l-n- 1I SjUt 

S 1 > d\ 1 ^ \ 1 1 J > /7l \ ^ \ 1 1 d \ ' ~N- 9 1 1 d \ P \ 1 \ \ \ / n *)l 1 i Qj j l*> 1 1j 


jGjo jju ^jJI 5-ijLLll oUJjJl (3 5 j \~*jJ 1 SjJjJI tcu-ujjj^ 4j*Jjj 4jJ_LSjjjjj SjJ_> 

iJj jiGjL& jo djjJ-o (J-C. ^iu jJ_L3jj j_>j SjL jl jUI l-i^J iiaiaJI C>1 j\ /nQ*\ll ,j-Qj .(j\jj_3 LjlLo 

.S_i^_"J.I oUjJI (j\-oLi j^j-o 


CiL^j-JI (\Y) 

oL^a-JI (3 Lo^ <j^j!l jIj)_a. 3| Lo_ii>jj^.1 ^_sljJI plj_^JIj jjUI pIj^JI jju*.j ■j.ic. 

pljgJI ^ allA <(_£u^j*Jl ^j) \ /nll iA*iC. J^-i-uoJI J (_a‘jLlc^.1 Ju*.j-> ^J lj| 4jLj <4 uuIj-£JI 

(^y^-ÇL-N-J.I jgjy^-11 JcJLAllj £_fluj-L1 jgy^Jl JcJLuLJI (jJalu-o (J-oC. JjluJI P-lj^Jlj ^-filjJI 
.4uj1jC^J1 ^LjjJI d-Jc. (jJ_LlJ Lo l-\ JJ jl Lo^UUU L> X 11 i S'JHci.l jLL j-oj .( XJJ jr\J 1 (J-£. 

jJ_LJ |JJ t^-sljjl çlj^JI j-o 4_slu^ J_Ll JjUI d-lj-^JI jl ^JjLJ jJ2i_J t Jjllil ( uUJI j-C. 

jl Lll s_L\5s . 2 _flujll JaJLuoJI (J-IoLLou LLujj-o jjj^u jl ^gJtuuj (_^JJI j-4> JjluJI pIj^JI j)1 

S^jj 5>LUI (jA^ LjjJ 1 I3 jj> (J^-j 


(i CX 


jUI 4 jLu i_55 /ii -llc. (J-cl 3| ^JjJl J->.<al /iñ \ Lo SjLc. <4ju1jgJl CjIjLuJI 




U^l it 3Jr4l(\r) 


jujiuJJ SLlL jljlol (J_C. SjLi5s 4_Cj-u_u CjljLaJI Ji_Loj 4_-n_i i> (_£ jJI Çjj-u^ll jj5> DC-jJI 

DC.jJI Cjj_lcj jsLujj t^jji jjU> J_c. £_5u ^uJI (jj^-ll 4_5_c.l__uo 3y> jn^ a 11 (J-C. jj^J • jil 
SDC-jJI 4_fl_u£jjj ^uj-^JIj jjIj 4-Oi_LojJI lij-iUj IjLclU .4_flJj_L_o 4_5ujlcu 


\A\ 





(J^J^I 


j-Q *iLtis lijl j I q nJ I SjU I ‘ Q . 4_i ^la 4.^.j J N t , * £_Lli K «n 11 Sj 1 j^. 4^.j jJ ^i L*-J I L> ‘ >'I 

^_qLc jjAJ SjrLsJI jlC .4_i j_lq 4uvj J N Y, t (JjLS_q (3 4-i jLq 4jvj J N t ,*\ ixxujj_Q_i t^jjjtr^ll t__S_ujjJI 
ja^*J 1 jjiLll .4 j jxq 4u2»._j J *,^V jIj_S_qj 4_lL LxJ I Sjlj-^JI 4^jJ Ja /iijILo £_Sjjl t^N^^Vj N A*\ N 

^_ij*JI _v~vll Ja_LujS-Q £_iGjl ^ o * ^_qLc (j\_i SjLSJI ^_S_s ^iJ-JJI iS ^ 1 — 1 s jJI (jLuj Lh° 

* , * A jl jJLgj ^ljjJI P-iiil Ja_ujjSil £_Sjj 1 1 -flv ii t jSc. iJ^J 4_i j!Lq 4_2i.jJ * , N A jl J-S_oi SjIjjvII 4uvjjJ 

.jSc (J^J J^-S-3 4_i jj_q 4jvjJ 


&ti 00 


?J£ -j UJ J jj^ 






(JLo-aJI &UjI J Sjjvlj 4 uvjJ jlJ-S-O .1 dlj.VAl tJlxtcLvil 4_tS jj (^jJI J-u / ~i-Q.H jilj t£_LijJ1 
.jtji N * * 6jlJ-S _q glSjjl (J^ J-qI^ ^j-i-i Ij_^».LLq J-cn.1 j t^Lil 4_3i_ijI 


Jjj-dl <LijJs oUJI (\ o) 


S(J_fiLxu'JI ^l Jijjj (jOj'JI J i —/11 II (jLJ tiijljvJl 3 jJI (Jj5> 


J tllJ jj t4_S_LSJ t V (3 4_unj_i N Y jii S juuci 4jj-oj S jLs J*iLj. j-kil iajS <u Jjm_L ^ojLlSJI ^JsjJI 

.^. \ ^ t V ^lc t^jjju-Q 4 _i*Jjj tCi-ljA 


4J>1a 00 

(Ji-t.u'J 4jVJ_Q ^ L» J^ (J I_2V-QJ lla L~V-Q jj J^-J LlU li t S Lu^ ^JJ tJJ jj-Q jj_Q ^ J_2VJ (jAu^. 

SJLLS 4_^j Jj JU-ll S J-UL) Ojlijj . (j^ij'Jl ^C l~wu jj_c. jrL -0 Jjj I_li_ljJ N * * J-~V 1 6J1J 0 Q 
Cj 141jiJI Ja_uj jj_qj .jnfl U11 4JUj t^jjJI j_q CxSjJIj t jUil LlSII jCjjJaj t£_Sji1 t _s'JJL^.Li 

jl jjvjJI ^ m jjj_ulq ^J-C SJjj^-lil Cj 14lj_cJI jjs Ij4J^ (J^-l (JLl^JI 4_qJ jJ-C. S jjci.lil 
Ji\Z (JL^- .(Jjl jj^S (jLjjJI (3 4 1 ~>k ni 11 CjUII jill tjn^ X II (J-CJ . 4-1 jj III11 (jjij'Jl (J-C. 


> AV 








cllllflu jj IjLois .jrLo (J^J cd^fl i_fljll N * JL~S-II 1 4u _\4ul ~\ /i) 

?1 Jjfc J^Jl 


CiSj (j^ 4 £.Luj i_3*J1 N * t_S*i!l 0 J^ S^)-q 4_j jLxJI 4jjliJLll SjjLkJI Jjj^JI ^_i j-w\i * L» <nj~ 11 J 

t_3-LLu <Lqj-oC.j .L^jlj-ula 3 jjJI L$j^\A ^jJI SjjUsJI (J-usIjj HjjiS (Jljji.'JI ^j a->■ .(jljulaJI 
.4j_ 3 Lijjji. jl ujflj t al-L t j| <^jjji_L1 SjjLLJI (jJj (Jx. Jjj_ 2 i. CjLq*Jx jl CjIjXj jLil jjj^JI 
(jlj «(jLua.^l (jAjt > CjLu-~>jj i (j| J ' Lg-AjC- i_jjij Jjj^. j 4 jJIj J > 0 II (jljulaJI 5Jl£[j J^jjj 


. d i--\j > I I t j tS ^UJI -v I I (jl^ 


(jLojl 4 jJ (jjjLa 


q £ j^U 4-lIL uJI cG^xuJI ( W) 

S 4 -jj^. nill t_ JLjjj 4 uLj jJI p. iiiii IjU 


& J-g.3 .4 _l3jjJI 4jjlla (JjJ 2 fc 4X.I <nJI i jjLflX. ^L^jI (3 (jljjjJI Jl^ u_3j w\ 11 J-UOJ Jjj^j^JI Çjjl 0 ~*. 

JJLc A k <A 4-S-U-a 4-S-Lajil 


^iUJI ^b^JI JUJLI OjUj (NA) 

* 4 x.l_iuJI i’ic Ijuo^j jll ^-ILjJI ^j^JI ^JI JL-s-ll OjLiu ^Jjj 
S cJJ J i x \ jjd jjC- Sjixfl (j-o (Jj 5 s . ^ j)IL 1 j_i_j j-o*. Oxfl^u) ^-LLxJI 0 _uS^JJLi ^ pLuj-o 4 _jljLujJI^ 


.4jLIIj X (jja Jil SjLc. (j^^-i (jAiA-lll A k <AII j^Jalj-aj JL»JI JcJuAJI jj^LLo ^juj ^jjliJI 


> AA 








jJ jlCiU-j-o JUfllail ^LLslJ (N S) 

t^Jsl^JI (3 • JjJJI (S J\ ‘S^ 0 II Cilcx^II^) 4_j| ^jjljJI CiljUlJ J1 \ Q *w n I lj-Li5s jluj'JI j-a 

/ " ** . i 

JAfl_> jLi 4 _iJU~lo 4__J JJjUl Jx. Ojj ^lll oLk^II ^tlaJLc jli t(Jk.l JjJI (J^-l j-o 

(3 i_i£.Ltxuj Jxlll J _\~vjli ^:JI i SjjJcJI Lo .j-tu-aJI _\\c ij.tJI i__LfijJ jl LfrlftUa 

s^.tjjl CjLsk.j_o 3 LLJ 6 jUj 


Sj\k*JI o 1 j\ < 11 11 jI_Lq j_c Jal at \lt 1 jc> J-C J\_i*iLll Li-fl-il ... ^JjJL ^ q /1.1.11 p-^juJI liJJj Oo^ <11 -i.fl.1 

.cJJj l a Qj~ ' jl 4 _lS ^ > \ '\\ (jjJI CxSjJI jL^. t4_i_ucLLI 

(f.\A'\\ «Lj LftL ai L jjjL-i_Lu) jj^Uu 


5 ijLixuJI jjjlj JUilxul (Y ♦) 


l_o_Lc ^ L Q \ \ Sjl \ n\ II Jjjlj j_C 4_i| ^Lkj-l CuJI jl ^xCj 4-jl o L ~d ji jj^_i Lo_)J 
ljl_l . ^Lk-O- 1 1 jjJ j cT\ u\ \ tn 4j|j l__Ls jll (3 t —^UVti CuJl (jU t jmi% J-fl-Lul J-OJ 

i__S^ll CjIjU-uIj 4ajll oljUil (jo J1 xftIlxu*Jl (3 J'-^JI ' S'JLL^.'JI 1JA Ja.jj 


J \ \ f i) J-C. S<X^x jljJL (_ySjJI 3 4-ftxa-xJl jL1L 4-ual-Lll 4-iSLjtft.il O^LAil ~ ><<"" jL (jl Jl^ 
J-C. (jdL-flJ j\_i jjfl^_o (jalol çt, i Q*\ <110 jftj Jklj dljaCLi ^ < 11 -*■ (_£ I jl j\-iu jl l\VLo.i tjlxll 
A1, V Lg-aljS SjrLa Cilj 4-L-ixu.i 4-ii-slji 4^jri. J-n"\ \ <11 L&J^j 4-iu jLUl jGL Çi(_ySjJI £s_L_lu 

# 9 f (■ 

\ ~\ jc tIL t-Li ji j-oC. (J-C 4ux jli-o 5j fl~*. (J-C (jft-»j jI j * L" «.." jj| 4 K /nL I .4_ftxS J 

4ul 4uxjjJ 44_iL»JJ j\_oxLc Sj 1 j-~vlI 4^-j jj kJLAlI jj*\ \ <D 1 1jLojlifs X * j-oc Jcj . IjLojlifs 

- jU <" i—sj-tu 4-iJ_uUI jj^ i/-^i 11 3 SjjajLI >_tjftSJlj aLuII (jLx 


4ixuilaljJLo ^Lo-jCLujI (j^lj^l (Y>) 

Lo-JuJI o_.lL-q. 1I jj^u t kl> o-o SjcLlII cjU'JjJI (3 (j^Lou ^j_ijj^. ^ » 1 % 

^Lo~l~\ /d*JI j^ljcxl (J-o-Ltu I JjSij IJjl'JI (3 (^g-ijV\-ll o-ckftJlj (J-O-tu'JI (3 ^ajLi-LLt > II 


\A<\ 






Lijxdl ^_ul ~s.c 


s 

dJ jrlu ^Lll 4u fl_> J--nJ I jLxuoflJI CjI j Q*jiall ^*\^j cL 4 Cj Lx5>LiJ Ij ÇjLflJJ.1 CjL>1j_r*. j 

Q .11*. “ ' ‘ 4 “ 44 “ ‘ 4 ** 


.j-q_»JI ^Lj > t-iiAxl ju 4 _>jA1 jLusj*JI ^LoJc. 


Vi <<i^l 4 ^ljj (VY) 

.u_Lij-v~>.\-11 4-aJlfl Jj^. 4 j_qIjJ 4^j_r*. 1 Ju\ t^L cu^JLuj'J l j“*■ j-o ^Lill i_L>j-uG JnC- 

4x.l_tuJI c-jjLEt. ftLv-il ^ji\\c. (J LcjIj 4-oljJl jjlcj^ (jl ^ullll jj_Q iJ_>,J_jlJI 

jjl j t^_> j.V'nJI SjUI * (3 4x.Lt.uJI i_jjL5x 6L~s_>I 33 JLoAJI SjUI * q 3 

*itojjy j Lq jLfllx'Jl Ij^J JjJj .1 (j xu-flj Jju^. (jGj*J1 jjljjj (jx ^LUj jGllll lJx 


• ju-o V* * 4 _jlLiG (JjJa u-j. ijGlj 6j Ij"> ~>. 1 j^_o_> (j<Sj*JI Li <n jx pLII J£ 


JL^aJI l_j ji iLujLsJI (XX) 

<S p s» 

uU^. j l juimm jlI jlxJL> 4 \ 1 \ -»■ 4 LuLn JjjX 4 ~n->LjJI 4_>_>jLxJ1 5jJ2 jl £_iju_> ji 
3 J-*-flJL> j (g lA \ Jllll IJx .4 _>Jj_qjl 1 I 4_>jljJl jjX 'J_xis 4_flL.-G q 4_>j1ju Jxo-J JjiLiJI 

l_9lj-2u_>*J1 jl ^Lflil J-0*J1 (jl^ itjjj J-QJ .pLjxflJI 3x 4 -\ 1 11 1j jJ 1 oljJ-fl-11 (j-O (J->J-»J1 

i 91j-2i_j'J 1 j 1 jiLo t^_iIjJ 1 3 • 4->jJa->J 1 CjL> 1 /n^k 11 4_> CjLjJj (_£ JJ1 lJJ J jX 1 j-LlS Jfl_> Jj i/-ij_1 1 

4x9l_A| i > 6ji (_£ 1 (jujLo_> *J JLxxJ I 4 Ln 1 tn j 1 L\_o-u~> ^*\ X \ Lq jubj 1 1 jfl-u^ 1 -\ 1 X 9 £_!_>_> 

S (_£ j_& UiJ 1 ^jAflLllll 1 jfl> J-^J J.\.\ iii (j_Q Jib .JjiLAll ^Jx 


LjJJi g.1jQ~*. Lg-iS jiiq <7iJl jj^u ^jjjC Cj*^A. j%ix (J^ j_Q ^ i /ii tjl q AiJl SjUl ■ 3 

. . ' > jal5-L_> ^ 

L.J^^ (5 jL=. 


>*>• 






I -— 


Jib (t£) 

i > @ (r ) 4_ujL^-JI JU*_q 6J_lu ^jLi ^LiKil C.trs_*i j)^_xsl^ /Ti'JI (j-° J**^ H 

t_R i_S <<«V> L^J 4_i_Q_u3-Q Sj^ 4 \ a\ \ 11—>J L /n j>C ^jll jLjlIjI £_q 

(j-Q T” 4 _sLlu 1I J_C. <U_>jLJI (JL~s_q <4_qJVilq 4_S LlfCJ tM 4_lT\5vJ Ij 

LlJ Jj> .^Ja_uJI J| ^il (j-Q 4 >U-L SjLj j^^.^ j-\u_> Lq ^ 0 (r) = (GM/R 3 )r 

S^jlsI^JI ^JLsJI J_C 4 L> wn Jl 4 j3 % J_jlJI 6 J-4) (J-JolV> jl £_S^U jl 




^J^iKall jlc jr^l djjjL^JI al'yc IjU (Vo) 


iç-ljJ-uj^jl j\c JUJI Lq_q ja^I j)^^-> jft aJ a.0 11 jlc 4_i_ijLsJI 4 Lc jj LqjJ Jl_fl_> 

J-4>J J^J-Q (J| I jr\_QjJ_£ Y > 4_sI_UJLQ_> i ,^l (j\- iKfl.1 1 J \ C. U JJJ 

2 

S^ojLXJ^JI u_>->-uilI IJJ> Ja .I J^u ^tkdM J| £_^oj_> Lq 


> ^ N 













-Ljnlflll ojLx 


4 -qj . j^-Jl ^lL-lu J3-^ Lojjj Y^ • YA 4£.liGjl *J-D j| J-^J JJ& 0 1 1iji| l _L^' ul JLLi 

Ijji (J-C. m(J ±ji\ 4 _o-flJI 3_i LiLu-ll (jiiLi 3 JlGI JLx^iJI ^_oS (j-uLv.fl .1 <jjU 4 _fl_jjJa 

^j-v JI ^L /.I jjj^ Loji Y * o"\ N £JUI 4 x.liGjL> tjjjlj^^l 3 3uL)j?*•'"'" jUjj jjU* tjjAiLu*JI 

-LU. J \C iJUmJI 4 ,-Lfl‘t t-o jj^J U^U*^^ U^ 3 ^ I j- 4 > 1 \ \ 11 1 j .cjJ-oU cjJ_LOJ O <11j -31 Jj^. U-° JxJ 

. (joL-oJ I -iic. 4 -~>-U-i-u-oj (jjljj^o \ / 7 l" 1_iji ^ plji nljl 


jvAa .^1 (T"\) 

. (JU-O-iuJ I l_)J j£. J \c. J->A I (J-Ui-OjJ I ^-O-tUJ 1 _J 1 m m I IjG Lj Li Ush. I ^lxJj 3^ £ J- 3 J 3 ^°^ 

33 J 3[ 4jjJ tpl Q A'Vjl cJ-iu^ J-C. ^ju-o-iuJI ^j^ji jj - 0 j’V^'Jl Pjl^-J^ 33^*-* (3-^3 

LL>j-a 3^^! 3^3 iJ-sLu^ cl^gJI 3U jJ J~l.Cl^ jGLJI UiJj ViJjj 3 ^-cj .^JaUu j->A~vI 

1 4 .U jIj~s ts \II j'J_Jl 3 3 I Jl^JI 3 3 I j^—J 1 jlc- SjLc. Jjj_~s _\ Lo 3 A 3 • 33 -^ 3 ^ 

S Sjjb Ikl I 6 JjJ> ^c-VJ 3 ^ 4m_u_U I ^_JUUllj 


. j.s. >11 ^J-u-u (Sjy' ' 11 ^ 


l'Gl Lo 4-2». 


^j4-> £-£Li y 


-UilULll u^l l 


<( JLo-UJJ 4_Uj) 1 k 11 cj Loj^ 1 * 11 4_5_i j_^.)) jlj \_x 1 j *' K 1 ' I ojl i_jLi^ 3 ° 


. ^j_JI 3 4_uoju * , Y 0 3C J-ijj 4_2fcjj_) -UituU 11 j\Jlj UK 4 jLLL> Y * Jj-*_oj jLGI'JI Cj'JU £_£L >3 


«AA^uii jL^Sn (vv) 

^ f «-5 ^ ** 

tfll* X U> 0 \ ^jjJ I 4_S LaJ> I 3 1 3 ‘ £-3 I 3 J1 3 • ^ J-ClLxu-o U 3 j-$_J LclLU-Ci Jijj^.j 

3 .4 U 0 \ 11 3Jj 3 3(j J1 ^j-^j£. * * '*°1 S jSic. jLulII li jj L~Vi> ^.\a wno Uli 

CjI i/^i 6 V \U j cjLxiuj-oJJ S^lL-o 4 _iLULujI 3 ^ j*3 (33JU j-^_ JI 3I c_>^jVU jj 4 _>l j_JI 

(jn.l JJJ jJ.~s.Lo ^J-C. Ij^LU^I 3^ 1 Wl J' 3 -^ I J-4> (JJJLJ 3 U 1 4-fl_)j_U 3 1 (j (g ^Jj-i ^jJJI 


> ^ Y 








JjU^ cuU Lo£ ^J x > Jj tl_L^j_& Çk ,\ q "\AfcLo (3 ^Lill jJ^jjj *i! t^jL^ 

^ p 

SI_XJlAuJ 1 LoS .JiLxu'ijl J| ^i-Lflj-tXLO L J jUuJI ^jlijj jl L^J^Ja (J^_> 


f. 3 

(J-C Çjl j\ x \ 1 Lj JsjjjJ Lgjl jJlij c I jlj-o (J-C. 4_»JL CjIjLAJ 4j-j.ua <nJI iiLLJI 4jj^.LjI ÇjJ(] /7i 

$ e 

C,\ CL*l^. I (jt^. tNV* * j N'A* * ^_oic £j \j ^g. 11 ^ ñiJI ial mj 11 SjrLs Jil Cj-*- 5 j t JIjII J m /n (J-C .jj^j^l 
SjjjJ CjI jrLiJI -Uil dii"> CjjU LcA>I .Jjill dLJj j-o ^jllll i—fi-u^ajJI JLLL. ULoj 4-> <iiq /mJI ^fl.i.11 
.«jLujiJI ^j-ilaJI ^%^jlJI)) LLji .1 I ^ Jg- (Jjiiaj^ t 4 _ujsLll i—LlLll cjL)*>< nll j!j-q ,J-c. 


*a U > ^ 11 'A\ 44 II j*o 4-SlIaJl J-C (YA) 

4j j lj-^S-1 1 U_i_Q Ljj jJ I (J\L I (J-O (^J lll I jj-j UJ I u ) <11 ) 4L I 6 J Ulq £u Li J 0 J » Q 4-OJ 
Jjj-oj J-C. ._ui-Q JjLlu Jjj Jj^-I (j-Q L>-U>.~s-q (3 Sjj^jJsl UsLkll ^IjjLjjjjI ^u-Ljjjjj 

t4jj^.jj_Q £_SJ J^-l (j-o 1 (j *>q 4jLLJI (j^i*J -L*> mlj tf-Lll Lo ni (Jl jj^j ^ xlaj /m > *J tJLill 

2_XQJ ^gjljJl j^SUJI jJ jj .4 >1 axJI 6J-& jc. 4 jujIjJI JjLJI Jj^ (j-Q (j^iL^i> ^qj 

^-q^ .4_u£x£L^jJs 1 Sjlj-^Jl uUjj _\>C Sjlj-^JI j^j-i-L JLflj_a*JI i iwm 4_J 1 cT \1 6J-4) Jj_q 

J.& .LLjU^ (j-Q (^j^flJI ^ljU-J/n*JJ ^ Lj_q tl SjljJ^. jjj_->>-Q Jjt_flJL _\ jj tcJJj 

SjjjU-Jsl Ijjb 4 jaLq (jLjlU jU_sl (j_Q 


jljjjuli ^aujiL 

• > ^ I 1 1 J ^ # 11 J t L 9 1 1 J ^ f 1 1J 4 ^Jr l 0 l 1 1 ^ ^ /)1 

. jxijLSJI jjJI j(j <"ij t^JUI JajLuj j(j <"ij t^JjjJI j(j <7i :pLluJI j^_ujI 
.JjUill .jjjjjJI j4^Lj ‘^r-Uil 

• J Lj*i I ^ lO I J ^ 1 * 1 J 4 (^j I i^i I "s. t | J ^ f 1 *J I jfl I Q 11 1 j^_uj [ I I 


m 






•LijjflJI C- 


*o*J $• (V^) 

6jlj_^JI (J'JJ*. J-Q SjljriJl 4u=*jJ J..kTi jl j^-oj *J S^jGj'Jl Sjlj-T*. 4j2fc.jJ JJ-2iU (^J-II Lq 

^u-oulJI ^J-3LxujlI j 4ujI_£lo 4ul i 11 tj.v\-uo jIJ 0 o 4jal_kJI 6C$_3 .^j^j'JI jJoL) j-o 4 _>jnalxII 

•« •« p « » p 5 

4-uG-oJ.I 4fll_kll jI_\ 0 o ^j 1 nC\ \ jl , l ->>-\ < jjIjHJl 4JU (3 .(j^j'JI Ja. m 4 _u2lLoj (_^JJI 

^ j; 5 

(J,^ wn ^lll jjlj!Lll Sjlj^- 4 j^jJj .pLu'XflJI ^J| 4_31 _lllLI 4il_laJI jl_\0 o £_o k /njHll (J 
Lo J-4JJ <4 _jju-o 4j^jJ NV— jl <4.vLo.l < S 4 j^jJ Y 0 SIjLlu-U 6JA ^I JjL_j_lu l_j 1 \ lc 

S ç. ç. «*^«« _ «. M 

LjIju <Lo 1k~v. I.vLLjjI (J_& .4 tn \ 011 4 il % 0 II 4_o.v0.ll jyC. 4_) jJ-o 4_^.j J Y* j.~sA> (J-0_i 

S Lo 1 tx x I ll Q r I 


jj^l IjjI^ J-va^LJl jl t j <iijj*\ <n <j (3 jujlji.1 J_vqLLj j_C ^Lc. JJujj^fcl 4_tuljJ Cjj^-UI 

J-C.I 3 CjIjI CjL^jJ Cuk JJj .4_ojl_iJI ^L»*JI 3 LIjJo-uLI jj^Ij t4_vsl_uoJI ^Lj'JI 3 I* 

.Hj-K-uLl cjLij*JI jj^I J'iLjL. L^u*Jj_a_o 

°jl-^ji ç^jL^- 


j-ulj (V 4 ) 


j-Lfljj'Jlj jjjj^JI Jj_qu^I ^jLj CjIjJ^jJ SjLj (jo 4_iLl_sJI i_0_uG jl ^-fl-kill j-o (Jj5s 

ç ^ . S 

£u_SJ Ui<n jl jA X \ II ^oCjj S((4jj_ikJI jG Lj )) L^jL) i_J^J^JI SjljJk 4 j^jJ <j (jkjr\_fl_LI 

4j^J t^.u-o /lJI ^LjlGTJI ^Lol t_oLfl-vu g-k^jJI (j| j| t^l_3t_<Ij'JI jii^% JJ^ 4_vC.ljjJl ujLij_u^JI 

*J1^ Lo 4_l£.ljjJI ujLl J-U~~vll (jl (j| j JJJ^I i_j_4j Jj (j^J . PIj-Q-~n_ 1 I Ç.V'Gi 4_3 lJu'JI ^vLol X o 

£ ç ^ 

(j-LfljjflJI (_^l .(J-ojvJI (jjjk jc. 6jlj-~s-ll (JLfljjl £-i-o 4_l_3Lflj Lo (J^_a t^LijJI j_o jLo 

Çj^J.1 yi, 


._JLoj j_jjl \ ■ ■ ■ J _L=.j^> jjjl \ Y • • Jx. pl_j 4 JI _i»iil J LajlU I ‘Ç 5 JUJI j.JfJI j 

j j^j 4I cLjju*JIj < 3 LG| jjjGJ| L^j j\ -n <i i*s I oljj i—JL*JI 3 jj^J 4_JLoJI cjL iI & 

I a ‘ S '°~'J uJij£ ur i '-‘ 


\M 







(TN) 

t 4 <\' l*-\ x JI 4j^> u i*JI 4.\T\5 Lo j\-oI t jn*' \ \ <n^ j l^l^ t I (_jxS V * * ^Ix. I<3 

t t j 1 ^_luI 4_1j J-o (3 4_j I 1^5 _1S jl^ • I ' i-i \.~n_o J_\ J--n_\.I 4_Icj_ujj_j 4_fl_i^laj 

P^-uJ J^j_fl \ Lo£ i^jj^j j-o jj j-lu-JlJ Ij (^jL^JI ^J Sjr\ (j lA (3 (J'J-ls (_^1 Cj V J-<.ll1I ^ 0 lj ^ 

4_at_S I^J 1 ) 4j^> J \*\ /n*J 1 4j_i J_o (_§ I l_Jxi I lA JJ^ .jL^I ^li 6j-^uLi_o j.u_o_LuJI 

Ç'O nill j>C Jj-Oj 4 jjX ^jjJI 6j\ (j L-i (3 (_>llQ-luJ 1 Cul^ (jlj-iul j_o SjvuLi-O JLo_mJI 
4 jjJj^u)! 1 j\j 4 _sLlu_oJJ jjjLjJs (j_C jjjjjj-lu jlljl (_J_ucui. dllJ _i_aj . CjL^j J ^_j <n jI0 oj 
£_Lj 4-sLluII jl j \_jj .(Jj-LJI 4 jjL mlo Çjl jL~v (3 -A-t-tu ^Llllo 6JxLllloj IjJLc. tjlj_Lulj 
£_Jjj (j<Cj^!l J-il->>-o jl j \jj jujjj_lujj!j| i_ x lua ^.ijJl I Jx ^IjjULluLjj .^jjJjj_luI 0 * ♦ 

n ji l_sj! iy JjUj Lo ^jjiJ ^ vo- ji ^ - ♦ ♦ x (°n-/°v) 

. J_S_flJ 1 J IJ. 0 11 jc. 4 j LLI (3 0 JJ^JJ Jj jJ Lo joij 4 jrLojjj^ L_LJ I 

J4jj jl jJJ_u) (_^l ^jJ—J-luj ^jjJIj . 6 J (j j o L^jLi 1 4_flj jJ— l! I 6Jj5> 4-H-luj 

. j.llo_luJI i !j jC SiAaLlllo (jjjla jc. J-L.0.S 4jLLLj N * lxj 1 0 o 4_i J (jXj'J I çk 

^tdJj (J-aC. J^_QJ >■ Q ^ ^^\Iu (jl jll^Loj (Jx 


L^Jj jJalj (_^JI 4ilj (Jj ;6JjJ_2i. (^wj|jl l^_Lfl (_£jj j^jJI dJJj i 4j_flj_fl_2»JI I—al nlYsJl 4i^j ■ "* J 

.Sjjj^. lA^-L 

"'JJ ' (_J V Lo 


><\o 






J\ jlc. J tS\ 0 II 


j*»' 


J-uC-flJI Iii5> (3 j^J t4-i ljj.i-fl.ll Çji-j J-^-HJI j-o JuLfc tJ-C- j^SJI \ 

j_C jj_*_i SiXi^^JI Ii /n,o n)j 4uiia(m1I I \"\C. ^_o_'\_o j£. I^rLiS JLxaj'JJ 4j^.L^_i 

l3 i(j i ^jlJI i_iSljlJJ 4-Lfl-Li JS-m_i lU^.'N-o > J./ n o i I ajlLqj_ojI LiK .CjL^.l_fl_ll 

j^j-flJI .jl^illj (J-JJI (3 <Lx»La_ujJ jllj t JL 2 JI 4 X "L' t^)_0-flJ1 jj| . pLq.ujJ 1 pL^jl 
j^j-ou j| iç-LuiXflJI ^ J ^-Jl ^I^)^-*JI J /n*v Jl^ 4_iC L_i_ucJ 1 ^)LaS*J1 Q_Ci-u\ J jjJ^•Ju-xJl 

5; 5 * $ 

jrji5L 11 jj_sJI I ja j^j^j JJi (3^9 .Lxo L^_i^j ^j_oj LjLi| SjSio pLo-ujJI jyc. 4 o LiLi 4x.u_i 
^jJI 4]j/n*JI a j cJ_J|j .4]j/n*Jl jj-o ^gu^s-i JJ£. 4 i~vLiiS-o.i t4_3jJLLl ^ jj-o 


.cJ JT\S 6 j 


iuxLu^JI jLai^l AjJj (\) 

^l i_j^^j-iJl j-C. jyG-JLlJl (jic.LiuJl JSLi 4 _iC.l_i_ucJ 1 ^jLaJ'JI 4 uJj^j jjS-oil jo jjS_i IjLL 

S CxS ^ (_£ 1 J (_yu_ij l-JLg j^juJI j_C j-Mfl \Lt-uJI (jicLuuJI 


jl j\_ll jl j£t> jjjij -4 _l tafl <nJI -^-11 5Sj-aJ 4_uLj-iiJI oLlxuII t > I_/LS J-Suiio (_ 5 ^i 

jl j*JI J[^9 ••• 4_iS_u IS_lLI 4J*i!L 4_i_<il Lolj tL^-ll Lui. LLi5> -r»••*J 4_i jo<nJI 4_o_Jilll 

LoS LoLoj t jj\ i Lo l^wn il j-o 4_i_LU_i-LL_*_Q 4ujl_Q Sjs 1 (j j /<ñ Lu^5u 1 (j * ifl-> 4-C.jj i’iLI CjIS^jj^JI 

. Li .11 t j Q \ . i t .11 \ 4.C. I «ii 1 1 Jj- n- Jj . \ ' 


l '< jjLi 




•LjjjcJI C- 


jaS (V) 

pU-uJI ^j-o 4_iiiiLi P^-UI ^ L \ t jJuojj ^C-L-u^ ^)-o_3 ^I S/aA^!I CjI^j-II (3 

SljLl .(^jfr.'^.l I ( _ s'iLiJl (3 y* L u (jl (_Us f.U 5j-xJ 



(jjlij \ * ^jc. Jii ^ jl j 5o \ iijJI ^j_*j ^ ><<"" dLljJI a-lc. oLiLta^. J-iAjI cuL t^&ljj j)5Lu Jaj 
. jCLixoji jGiLiaj Lg.v<a LLsAll jlj-5-o j^lAL 'J_s ^aIjj oLajLii Lol .«Lixoji 


(r) 

4_£Luoj^ Sljj^^ls 4 _>"J^j JI^-fiLul^ t_liS ^j-o ^^!1 4 .lL>^- o^jI 4_iC.UuUI jLa_3^Jl O-H-LLal IjLL 

._tiS (3 g-LA.o .11 ^ jLLi\ j^j-o jlji^ ^J-c. — ^LAall (J^LL^jl £_iIj_o £_Ej IjLL t 4 _oLc. 

S 4 _xj Ijj_iu^! 1 (j-L LJ* I i__> ji j Llxl I ^ — l) Ij-O--^ L 



^ *\A 






SjjLb JaI j jj^JI ^IjjuI ( £ ) 




j)_Q I ^J 4_ijl-C. S^JjLia (3 4jjl_J Y* Y * 6 J-L j) j^jJ I ^l J_S_j1 Jjy i-O-^S) jj_Q 

4_fl_lc* _>) . ^S^jLiaJI ^3^-S 4_£lLJI j^^_o jj_u*_j) 4_jJj2klj 4 0 I ~v (l) :4_Jllll objliil 

^J_C. 4_i^.jLl 4 0 l^. (-^-) . ^SjjLiaJI (J_£Lxul j^j_Ll ^jjl .j O.i.~s_>) 4 jj*jL1 4jjj1 J 

S 4 j -\. 11 ^j5> 6jjLj-q ^l .^sHq 





ScjLcLuJI \is~-\ ^j-ac. (j L^ j-i^. 1 > ^l 5jLg_LI H"> t4 x >>L11 jJLl tdiil J| 1 >_mu (jl '" jl 

jl (jixu (_vo_>3 (^l jl !<(J (LjjJ ■>! (j\ i U J.' 

.^>J».1 jjjjJ (j (■_<; \..a_lo j\jaj J'H (j-o (J-dsl j^j 

(jjjfLujJjKs'i JSl^l (jA-aC.ljJI .1^.1) (_jjjj)5Lj->j ^jjj^. 


oji li 4^ ^ t‘i ( 0) 


S (j j jJ I ^ I .j-S-J I 4 J !_=». (3 4_a_o_mJ I jJ XJi n\ \ / 1 ) (jii 


lj jjlf (jl t-j>~>j LjLj|j LLi j joILJI (J| lLt* , j J-c j^Li ^jjLu^ ^l jl iijjJI q jj> J Li^_tlj1 
. J ' -V" / m r s 4j1 (J_C. 4.0. l\-u-v*> (jloj ^ JjNjlLI j)| j.\ > JjUI (j_Q (jj^S. > /II 4jj^ (jj tjUjLi (jjjj 

Y 0 N tNV <«pL jj-flJJ 4_>5L> j-ojl 4jjj jJI )) tjj Aulj jlj (jL_o_ui 4_u^. 

















lujudl C- 


^jlAJI pLAAJI j pUI (“V) 

(3 J-i^ ^aLij.^ <a 5,^-Q J_C f-Lo 4-)J-C 4_^ul_ui^S 4u^j_q ^JLq (J_C. pLu^S JuIj ^ A i 
(Jl-c.^! L_i jj^.jJ.1 pLU jl _i~n- > t4-c.Liaj Lajjlj 4_jLL»JI (_J| ^ jja.jJl _ilc. •jjj-ll ^Jj-suI 

Su-U-aJI Lo_S .ljjL Jlju 


^lijJ^!l jAj .jLLoI t jl ji_QJ ^S-L-UjJI (^JJ_U1_Q (J^*>. fl. -L- 1 > t(J<Sj*^l J-C I (j » K5" CjI jLojJj^ V,^ J^J 

Jja. j IJ_q ^jjl j 4 jj! J-U 4x.j_uJ I jlji_Q I '' ( ^kj j-oj .Sja.1 jJI 4_i_iLjJI 3 /ii^ll 4-loi-mj (jjJI 

. 4x. LuJ I 3 41) IjLojIlS V, ^ jjij^ I 


iS-aftl jJ^I (V) 

4_c j_qj^_L 1 jjL.1 J 4.\5 Lq_q 4jLuu_q JjljI J| (J-un.) Jlv i 4_jj| <j»>q 4 u^j_q l j v JJa| 3 ljCjJ OjI 

_ P P .ss^ £ P ^ 

4_j^j_L 1 j IU" jl JjJ3j (JjLLq 3 j1~s-*i_q_i (JLjJLjJI (jjjLukJI (_g1 .4 .wu,q nill 

S j.li_q u uJ I J| ^_UCJ_Q >_jji I 3 jj^J j-Ua. (jAij'JI i_j^j^J 4_) j IJ-LI 4 CjujJI fcLa-jl 3 

jc. jjjI J <_AjS!I jjii ju. J 


^ U> <D ,J_C. jjjjJI jLj ^ujjr\ <dqjI (J_ij pl </~>Q II (_£JjIjj »(J j 'L> 4jj_o_aJI 4 j^j1I Cj U>->. jl J_au 
pLulC. (_gJJ.au 4-llc. jjjjJI ^US JjJJJ j-Q jjjulxJI 3 «g-J J-g.ll J )) 4 _ 0 _Lj_Q 3 j-ocjl 

juaJI ju S j\xuz 4_aJaS J^lj ‘L^J ^uluJI 4uau_mll 4 mu^.II ^clj 6JC.I IjJLuao Luluj 
jujJ 4 jI j Jjj . j_Q-flJI Jl^ g-l 0 II jljj lula. jjjJJI ^jjJIj P^jJI (J_C i_jjJI jSLu jj^ <n * JjjjJ I 

!pLA.qII jc 4 <11 )V\ II j-uaS jlfLo^Li 


uxLlusJI jLoJ^I ^lx p.|^JI AojLLo jrLiLi (A) 

I__s3_ijl j_Q IuAjlJI CjLfluJcJ 1 3 JJ (_gjJI ^cLcucJI j_Q_flJ I (jc- 4_qjLH_q J4uiu l_Q 

S Iu5) JjjU ^l ^_cl_J_ucJ 1 j_Q_flJI 4c J*JJ j_Q JJ_iu_UJ (Jjb S (_gJ-J_l I 





uj^l 


jjxil J, i /I.JI pj^JI (J-O-Xj > ti»_aJj 2 >JI J|j 4t_JJ>LfliL pLA.fi. II jj^-O ^J^-> jL-xll 3 

P Si 5 * 

.(__^j*J1 J-C. Jiaj ^jl jj-o 4_>j)I» 11 jiljjJI j\^_oJ jA ( ij)101L jjly\_LJI i ' wiij .£jJ 


JL^j^l (^) 

6jliJ_o (3 j-O-flil £_u^jJ ^jJLlxul (_£jJ1 ^jjLuD ^ j £ ^-cL-usJI j-o-fljl J-u*>-Q->.> j”L^. 

pLlLlI -i_s_> 1 1>.->->j-u ^l-l^jl j-oiJI jjl_cLL> ^jjLucJI jl (_£ji t^jJij'Jl Jj^ 

SciLlj (_ X \ /n ^j£ jl^_fl! jj-o (Jjfc .4jl^jJ^_0 


1 , Y jl^ 1^-U.lj L» All J-uoj 4^j.clIII jLL'JI (jLui j 4*J_Lj YVo 


j.^>-‘> L>-uLfl."JI pLAflll 5Jjj jjj 
.4_xjj-q 4_us jj (J^J JLLjl 


^jXLxAll j-SaJI :jIjLI ^/lJu (\ *) 

p . ^ a s 

(jjijLll Jj- 2 k. (_£jjlj jlj-o (3 JJjj 4 jjLlAj 4-j^j-o (jj-o (J_C. Sjjj^jll CjLJaII J-S-mj 
6J.& gç jjj./n Jjfc . (l) J^rJL (jLJ-o j_& Lo£ 4 j£.LljIj 4_x_SJ 4_>^jll ^lj-oj Sj >j SjrLflJ 

%) f ! ( v ) jUi 4^Ji 




Y * N 








gLjt-all ujLx 


./7i LaLL-o *J v_ijLk 4jj 4<Glj (3 ja- 3 '"’ 


4jL> 


jjLaU j-SdJI : jloXI jm*j ( ^ ) 


p . * S 

(j-oj'U Jj- 2 ^. jlJ -q J jj 4 _LI_iAj 4 _i^j-q ^JL q J_C. 6 Jj-^». jll CjUjUI JJLlu 

6 j-4> gOHm Jj 5> . (l) JfUuJL j^-° J-& Lo^ 4 _i_<-uLq_q 4_a_SJ 4 _i^j 1I fcj-ic^j 6 jLlJ 

%) f ! ( v ) jUi i*iji 



Jlj^. J*-> J-oLJL gljj_tu jUuOjj ic-jMjj g-La-tuJl |v114~ <cl i/nQ 11 jJj^-l 4_lJ jJ-SjJI 4Jj^jJI 3 

Jo j\"\ 0 J 


u-° --C-^ ^Lfljjl J-c 6^-1 jl>° J-z 4j 

£-QJ j^j^ll 31 4 1 nM J>JjLuUI cjj^_l 6 U-j1 Jilflj 3 U 


^jLxll CiLcj'ju (1 V) 


u_i UjjLu^ cUL_ 4> j)l 3U-J 


J f jLJI CiljLL j£UI 
S^La^jl Jl ^jjLUI £_ 3 Jj JU lUj 


Y • Y 










OjSJ' 



AAXLflJ (\ V') 

pLflJlLujl 4_u»_uLj SjLc. pLiAcJI jljj JjLJIj jcI >Afl II _JjuVc JjLLLJ JLLL. 

4 9 " p 

S i_jLu^_i_iI (3 (j-u^-l-^JI 4 \ x <*jj J_C. 4 \ x ts^ jJI 6iAA J_tJxfl_i IjlL .((j^jLJJ 4_ijlj-a 



^>(>0^1 (U) 

i 

LflJa_)l ^2 4_i_i ill I (j I jrLo >jL& N ^ , Y 1-Aj I jiLa 4x. j-ujli J_C.*JJ Ljj-oC. ^ jjLu^ jJ-Li I I j| 

i p o 

(J^LLsl £jjLucJI jl j^jrLal (jSll (j-o ci'J_aLll J_c. IjjLi ^jjLu^JI Jl^» wma <dlj_aJJ 

(JJa-iLxu (Jii <p1j_^JI CjIj^jL Jj5sL^_i (JJi j . L^_1aC. 4_jjIjj_i*J1 4x.j-uJLi L_iji_i ^_£l3 I j^-s_i j_C. 

S^jJij'Jl (j-o cjLLsLII J_c. IjjLi £jjLucJI 

: jjLrJ 1 j_aJI JlLI cjjSLs tCiLljiJlj jljj'Jlj ^c-uLo-ll J| ojJoa <4jj_uu^JI ol& (j IaSIj cu^ Lolu 

«. j/^-l-jLI l pLL-aJI ^-13 (jxs J_i (J_C ÇjjlIx^ 4Jj_lu_^JI olib jl j^jj -L-S-3» 

ljwi jLllj 


r*r 






.LjjaJI C- 


Oljljil eliUI (\0) 


4 U 1,1 £_flj .4uul <Aq 4_L_2 u-clJ cJj^-LI g-Lfl-j.ll! >_a J(g \ 4 ofl o (j ^jl 3 çj1 Jjli lJjI (j.UwJ 

4 4_a 1 < ii 1 1 i * q \ 1 • Ij ^JiJ-O (j ^Lo'JI 1 jrLpJ).l LS 0 * 4_sl_iLL0 (J^3 cJcLflj^l ^U-flj (J_C 

^Mdi .4-jul 0 11 4-L_-v_lI fcLU J dJ^<LU ic .^jj 4j»_sUI JlLj jljp-o 

S Lll I 6 


4-lLJUJ' jLclS*)!I j-O dLlj^ jX U2>\ tJ-O-flJI j-O J-S-Ujl i jLojli^ YY* * £_ILjJ1 OjJ'Vfl.) i JJjJb 
J^ Ç^^l dj+}S> J^b ‘ J^*j Ç^^l jLLjU jaUI (j-Q jixalj tç^ilAUJ 4 ajJJI 


jAflJI ^su JjVlaj'^l (\ "V) 

4_jji J_ucJL) J^LUU 4_)l_i_JJ Uu'ljLo ULfl^-o J1 j-SL i)l^ i__u^ (j cLixflJJ ^j^j-o dlL-cu 
S^jlj jblu LucU Ia) ni 4_ou jl ^Jb I J_4s j_o (^LclLa'JJ 6jlu| ju^^II j-o'Jl .g-1j") /n*Jl Ujj_o 
. 4_j_lllS Lij 4_j j-o ( ^ N *WY — N *\ *\ *\ ^ j-o'J I jJJ jj 1 g_o Ljjj ^j-o Lo jAj < Y A , 0 j_aJ I 

Si j wm 11 4_Sj_3L-o diV<Lci) Jji .j-o_flJI J| O'bUjJl 4 _jJLLo YA,0 j^jaJI SjjIj j| 


Lo 4 juLlo.lv] I 4sLU.ll jxs dLLoj J-su i__Sjj*_o £_sl J JjSj io .jj *J t^-iljLs'JI ^jjlil JjSjJI pLjjj <dL 
CJ^jJI .J-oUJL 4_u-ijJI 4jj jLs-ll j-o o'J-S'JI jc *J-u\s t ( _^ij'JI Jju». jlj-o (J| 4jj^ £-SjJ ^-fl^-j 
oLcLiG j*JI .^jj^_) (J_lo Y* * ^jj^_) (Jj-o N * * ^jIjtlj oLc.LflujL Sjjj-2»_Q iljjiLLI 4 jjjUI 

C ~ 5 __ “ m 

jli 4_ojU j\S\.qT\j t^j-^n i__S*J_»JI 4_ojl_fl_o ) 1 11 ) 4'lLo-o ■"< «■< <1 ^j_-l.) jj-o N * * jc. (Jiu ^jJI 

.iJj-o Y* * (jc (Jiu (_jjJI CjLc.L flj j*JI j_c. jlyvUII CjS^-j 4lc.I x ,7/Jl ^aJI 


^Ujl^uaJI J^j ij jLtflLLs^l (\ V) 

_ _ -j f. 

‘çj\*\l^j-o 4.) m-\ ILj 4u jl ts~\ \ S*J1 4_u2fc.l_lJI j-o ^fl^l jvjJL jJI Ll-v. 11 ^l 

(l^ ^Lflj^Jl (j| 4 J^JVS-IL i__u 5) Jj (jl 4 u Li) jj-O oL-LoaJI jj-O J-jLL (_£ I ;^J_3L_OJ 


Y * 1 





UjSJ' 

^Lfljjl J[ 1 (j I ji 2_sljJI 1 -yjjLua jj^-J (jl «AJLJ 1 \\ X Jl 4Jj2fcjil JjJi_£lu 

£_filijJl jjLusJI Jj^- *_»l_B_c.I J ^j^i.O-'N.L-o ^litjjl Jx. 1 .\ I x II 4Jj*jJJ (J.\ x /7u (i— j) ^l 

J^C. SiA^-lj 4_\J JljiJI 4 l^fc C jlj 4^1 jrL^.'Jl 4x .JMJ j-U-flj LgJ 4 Jj*j_o jl jrLsl S 6 JjijJ 

.CjLc.I_£LJj*JI ^Jfl% 


. LL-O 


6jji ^Lojjl (J-C pLtAfl.ll jJj^-o jLsj tjljall (3 


0 ^ 9 ^ A£j^j (\ A) 

jsL jjji jiSj ijj jjr- ij (^ 2 L jJsjSii jjjj iiiSj j ij 


• 4jjIjJI (J *iLus VY j^o ^Jjj •—sLLlII djjj L$j Jjfcjj (_^jJI (_$j)-u~>-Q.ll 4 £.jmJI 



j 0*0 


S(jjio jIiJ 1 3 (J^J^I Jo.0 nn j)l jj_o jIa^ ciLlA (J-4> 

<4j-A J^\ oLjLJI 4jj*J_ac. 

^jjlJ ^Lj L$jl J-c. «4Jj>g-~LI SjjLLJI aL-*.Li 1» jMioj jl J-A^Lil 

.4j_AjI j\£. oLjL 4jj*il 5 ».l ^Lj Lgil 'i! 

j L\ > li jj LLu j 



li ^ '»* J>*3 


j a .i^ji a oj!i^(r.) 

« « p ^ 

CiSjJI Jo Q liijljJ-l I j'^j j£. AjJlj ^j^sj'JI i—' Q 0j" 131 


Y • o 






-Ljnlflll l-uLx 


4jlKj J J-L) jJjJI Jj-L (3 JJ3-0-11 jl - J-iUU. ~i (j \ V ) (j-O^ - J.<3.flJJ Jjlj^l jj *AjL^ IjJ I 1a 

5 jj 

J-Q-flJI L$_> pLuU (_y^JI I (j /llfl\ «LfljjiaJlj tSj^ jl ^ J)flLo jjJLK t(_£jjlj |\ lll~i. P(_£uSl I jLs .^)L <IIQ 

4-fl-L\\il jjKj Lq.ii> l_s 1 j.~\. 11 J j-=*. 'j.oj-'v.> j| tjL3u*il (J-^- t^L jjj-\-> «^jjJI 

* . * _ _ „ 

4U^oj *ljU (J Lujij 4 jjLojlLo SpLloLj jjjJI j-o-fl.ll *JLoj ^Lj .jKjil (j Lc jL,m jU'JI 

LjjAJ J-oKJL (_y~iLo.) j-O-flJl I_) jUjj Jlio ñlJl j-O ^jLflJI Pj-Ull-S . jl") 3t 11 JVC 4ui_L_UJ (JK-UJ 4-^-JJJ 

(j^-Lfl-JI j-C. j"Lñ ^jJI (jno /7iJl Pj_uc j-o iiflS 4 jLIL N Y 4 ) iii jj t j-oflJl ^ Ls /■■ 4 L iii 1 jj 

-L^_iic ^Jsl^JI (jno i7iJ1 pj_uc j-o 4 jLIL YV jj-j (_Uj*^l (jU_3ij t jilj jo 


£^iaau (TN) 

C_J^j_Q Jj! I C_J^I Jjfl. t dU j £-Q^ 14-i.iC. ^-~N-~N.l 1 6Jji jJ 1J Jj! 1 j^J 

oljJi Cuuj Lc.jj_uuI jj_u 4_cjl^ii, cjU».j j ^ (j^jjll ■_jl j-~N-~) SjAjJl 

^ « p. 

^C.j jClUjj 4-^i- 111 11 6 JJ> . Jj! 1 (j-o 4_J | ji~iil 1 jlc SjjijJ 1 i_j^4..ilc. j J i) JJ Lo-o 
J jil pj-urill 4 ) iiiUjljI jlj t j^l 4 _sLxlqj ju-o-tliJ 1 jc J» n jt^jjll c_jKjl 4fl.)fl% 

jUsLjjJI Ij-A juiai-j jj'iLcu !(j^j^!l i_j^ j^_j 4_u^LjJl jiL j_Q ji^l SjAjJl c_j^j^J 

S (_£jc>LLJ1 


CjjIj j 0 )*) iii 

.ji_uc fJ5 jJI (J-C 4J^I L_iS ~i infl ) (jJI ^ i/~iljil fil Jj mJl i_JJ-fljJI 


jJjlj jIK mjl 

.o.j^_lll (Jl jjjl4\' LLo (jA» >11 jU t(jA j-u~~>->. 11 (J (jjiJLc liK 


Y * 






OjSJ' 

>-< j 1 V 1 ii (rv) 

ij^jLij j-Juc. j)-^-> J^ o 1 (j ui pLo_iuJI 3 c£ji 4-1J (_^1 3 

SljLl .^Li-u^JI (j-a LxjIjtLsI £_q u(j /7ill J4£. 


4j_2»Jj ^Lc JLLL 4-l<Loi 1 ç -\j /nJI jJ-C (J j-q.Q-I 1 >—Sj) /n~>. llj ^g>n q /7 1 J1 i__3j 1 1 i^S 11 O^UJ (_£UO^*i!l JJ-*JI 

l^J tjLJL^. j^_s j^.1j (*Lc (3 4-\fLcJ.l i sj)-<-u.1lj usj 1 11 *\ 11 o*JUJ Ji*i!l jj-xJl Lol .cj^!L^. ^t> 

. ^ \ ^ A £ ^ Lc. *—>j^. Lo^ ‘ 1 i/iiAui Lij) 1 1 Lqa*J^ 3 j 1 >_'> 


o^u *^=ui jijjJi (rr) 

3 

■ (1)Ll 9^JI SjrLfl^ 4-l*\5LlI (j\j ^LolI^LU 6_/LLq iiLLc 4 .wmcwm 11 LiHc. j_qu*_q t Ijfl I-L \ 

^j j ,4-tu-flj 4-il^)^ J 4X.^vu Cj Jl^ ‘> ifsJ)5L11 4-lLs CuLs Lq.Ls <4_qLc. 4 0 ts\\j 

^ ^vul (j^^u c4x j-ou»-il i_ j^I^^ Lh 0 (_^l (l) -0 J^l 4-lLs dU> (_£jJI (jç^ 

® J CjLc. Luj L^_)l J 0 Q^ (jL) 3 ^ SjrLfi ^vc^al 4 J 4 4 -XU-flj J^U*. LJ^J i i^l^fsJI 

N tj CjLc.Luu N * 3 4-mflj J^u*. 4ç^yu.ull j)_Q Ji*JI 4-lLsJl ‘(J^J LJ .4-0. i.qJ 

— ^ ç. — 

ubj^ ‘ J^Oj c^JLAll 4Jl^ 3 -q Jsl Lubllij^j ‘JjJLuj (j^jlljjl ^-IL^. 3j .4_Ejjj 

(_^l ^j_Q 1 j * </sl (_^UI 4 ^ljj1I cJLIa 1j\u^.Ij .4xLuj NV jl (J L^j_uiij J^j^. 
uj^ 1)1 (^j (j^-J • 4 jLl 3 J YV^j 4 xLu Y i 3 4-uiiu (J^^ jj^3 4 4jsLLqjlJI uj^I 3^JI l)- 0 
4 j 1 J Cx3_JI 3 4-uiiu J^u*. jjS* 4jLs ^Cj J-o ^-IlC j-^jj ^tj^/ll j)-Q 4 jJj^ 3 J^' u^j'-H 
S 4-uiiu J^j^. (_/^j!l u^j£J fi^-kJl 1 _ x \ /m Lq .Luj_Ej 


uiuJ 1 lj-^Jj .l q < <y\ 11 ^LI 3-° Jj^!l a^jJI lh° u lSj )_jjil 3 jJjII L.Uj jl ^_ij*i!l ^^-LJI Cjj^j 
3 (J-t-U-xJl J (3 ñ) jJj I—> ' ~V 11 4 -UJ 1 _Q_Q)) ^ _)i£l l)ljJL Lo_uC_QJ 1 Q~V I L^CSj jJjJl J J- 4 ) 

■(“aha; 


y • v 





frLjAttll l_uLx 

SjaSJI (jl (j u At o JI m~i Jji ( V £) 

( _ )_W) \ /nS tjrLo jJ-i^ Yo ^ * ♦ ♦ £j£. jH 4_sl_iLLO ^j^j'JI j>£. J»U ^lj^.*Jl _L^J 1 j| 

4_j_o Jq^>. )1 I jj^-o-) Lo j_&j t ^jj^jLl 1 4 tn Ij_) 4_i I I jj_o I 4_^j _Lj j.u_q-<-uJ I 4Ja_uj Iju 

j_& j_o_£l!Ij jj^j'JI jj\_j 4_al_mll l~\ <n JLo . ^LxJI <_) J.^s-11 ^n^ X.11 ^uujrLll jjjl_£ ^I_lLu_luL> 

i_)J-a_l> ^u jj_oj t jrLojJu£ Y 0 *\ ♦ ♦ ♦ j_o jLlV) j^l 4 _sLlu_o j tjrLojli^ YA11 * • 

_Li j '<n t^JsljJI J J^ ^j^j'JI 4-L-uj1 jj 4ul_L^ul jj_o j^l 4 u*.j_L> j.u_q_x.uJI 4 L> /nIjj j_o_flJI 


L> J^-ll 


L>u_o_t 


Jjuj_> l) 1| HLL * ^ * 1 ll j>o j!>^L> ^jj_lo_cuJI joLj 


jl l\\5Lo.)j .Y j V j.^J) jno ñJl jGL J| olku-JL jj^Jlj jll J_c. j-c^aJI jajL ju 4 \ m\ll ^lu 
Cj Lo Ij^. Y, Y 1 tjno ñiJI J| j-o.flJI isL£ L mjj-o 4 ) 1 11 *) j j^u jI 1 iJi)I *_i.^_ ) Y / V 4-i-auJ I jI Ju_) 

jLoJIlaj JU fL^ V ^ /^-0 jLcu.Yuai JU 


(JxloJoJ I Jjl^ j-c-flJ I jLuj-o ( Y 0 ) 

J| .(j^j'Jl Jju*. j_o_flJI jl_Lo £-0 t(j.u_o-tlJI Jjj^. (jt^j'Jl jl-Lo j-o 1 X Li 0 J^-taJ 1 £t_uqj_) 
jjvj J_C. 1 L-v P^ju ^l lJLjj5> Jj 5> 14.)_Cl)_CL->h-11 jLjljLII J>Sj j_uj j_a j-LC. JvLuJI JjI i uL^. 



Y • A 


















OjSJ' 


SjI jJ All ^.Lc. jjIjG j^-o» jJjj tjjj Jjjj j-o Jaii j^-Ij j^_<i 

.(jj_illl t_fl_uGj ^l-C 


jaJI (rv) 

jLLiil i—3 * 1 (j a-n (3 J3 L-n_T> j! jJ-JI JJ-I^ (3 j-Aj j-o_flJLi Sf-Luiiil j^LL-LI ^jl ^Cj 

.olj-Q ^ <11 V \ Lcjia-UJ J_<ajI j)j^-J J J_xJI j-A-flJI (jLs i jl (Jj*Jl £-UjrlJl (3 3^3 /sc.1 <Al I 

SUU 


. 15~*. <p-ljii jii pl <A o II (j j6 niJI jc duJ-^-ll liA 

t4\5LlII 4 _j_*_oj»JL ^jjla-jl dlL ^JLc.) 3jj jjl <n\ j 


jjAtiJi jj^^uJi ^iiiji (rv) 

s s -9 

j)^J .(J^'JI 3ji (jAjfl-Ci. ^Lflijl J_C. J-&J jJ-JI 'M<Q ^j-4\Lu£\.J ^iJl i-fl>L<.uil ^fl> 4-llU 
u_SjjliJI jGllll liii JJ-C- (j^-^ *Jj .pLo-luJI (3 LsJlx. jA^. jL^-j j-\^l j-O-flJl jJjj 

4a^.j J *,0 j-^_i 1 4~\ \ c 4_\_S I j£. jj jiJ I jj-uJI (3 J J\-\ j-o-flJI (j"J IjJGj ‘4-j j--n-I I 

(jj^-j (jA^. (j<2j*JI jU-s ‘ jIjjLa-j LLUs i \jiI IjLfl j-°-JI jj^-i *IjJl (3 • G_<-uji 

! pLc-luJI j is (3 

^1*1 

j^fl'JI j-o. 3 4ijl_fl-o_\ ^jA-i jOlJI jL ^A-fl-\ tLo L£ji ^-ifli_Q jJ)j t jj^. 1 j\_iu_fl_\ 4_G 
5 j-\_mfl-jJ I 1 i_& \ jj I (j^_o_\ j£J . LkjLC.j (J jLJ Ij j 1 <7i*J Ij ^_j Li I i 4_u jflJ I ^ 1 L 

jj_Q 4 _SjJLq 4. \_uOj I /n^.1 Jj! ij.) \tg-lj^fc i/^llj plil (JJ-S -LuCij ^JjGJI lifl) j)*J 

I jA_iU_fl_\JI Lo .4ijl_fl_ll (J^-l 




(j-o IjJ ‘ t—iJL^V-o jrLo-ui-LU (J^J CjLIjj^. 0 ? 0Y 4lLaL"G £_1 jj i 4 -fllj^ Jx*i!l ^J^II jfl) jAji!l 
4 lfllj£ £_ 1 jj *H • jLSij ifllj^ Jil j-o-flJI tjAv.fl.’vll J-C. .Jj-kGI jGc (j-o Ijvj^ Ijji 4 _i jl J^jil 


Y*\ 







-Ljnlflll ojLx 


J^)LLc. i_J^Lol . J_)-Q I_JLiJI j jj^L J^-3 tlh®s3 j-uo \~\ \ /1) J^J CjLoIj.^. V,V1 

jtLojHLlu J£J oLalo,l 1 £_hu j| i4_JLc. 4JLsLj5-3 — j-o-SJJ La'iLL.j (_Uj^!L 4_uiil j^>.‘> J_c — 
JjjD J-Q JjLLvC. dJL > t^JjljJI (J .J_>jD j-^VC- J-J>5>-11 4_> jl J^ji.1 (j-Q UJ tv_iA^-Q 

' (] Jf- J \ (^uJI 4 JjLLjlJ ((4-Lj) »1^11 j\£.)) Ail-gÇ.llj .(j^J^II 4 ^-Lqj (_^jJI dLlj Jya y\T>5L> jUI Ijj5 

i__>^(_£I JI l_> 4_uOUJI dJJj J)-q J_CI t i__j^j^JI Jjj _/\JL j jJ ^-^-^>-11 i >Lul^. j_> jJa (Jc 

(J *_>-».5_o J\ q >”>’> <11 JUI CjLoIjj^. 1,1 _> 4jjl_5_Q t oaL J\ q >”>’> <n JUI CjLoIjj^. 0 ? V ^Jjj j| tjUl 
4_oj^-^h. (J Jjs>L_> tjjj^JI jUc J-q Lii^ LvU >*IL> jjLkc. (jl j^JJ.1 Jq .(_Uj*i!l 4 JU 

, d < ii 0 t . X1 1 


4_LiC j\2 lll I Jj J_2 u_> (Jj 5> . I J)-Q (j\_jj jJ3 (J Ljj)5L> j-V^. Lo^fc jU I (j-UuO-mJ j-o_qJ I j Jjj 
?JWI (j-o L^jlJLsl j-q ^.j-cfcJJI cjLU j5l «j j-ojj)) Jji :^jUl 6jL_3i_> S^j-^Lll £-q 


jj^_> jl j5—o_> 4jl 4^.jjJ t4_>L»JJ LLLLo j,L^!1 (_U-»_> (J Sj^ijJI i__>^j^ jjL * j'i^JI jjJ^ <3 

.J'iLLj ^JLL jI jLJ.1 jAj Jj <jL$jJI v . j Ljj^> 


ojl&XI j-a-'dJI (V“\) 


S Ij j IQ q j-xxQ-lI (j- 1 J-L^fc-11 4 »>_uL jj! 1 6j^JI ‘ 1.5 (_^jJ tJ-& 


.LoLc. Y*\ * J^ S Jj^Jj Sj-O (^-U_Q_iL i__SJ 11 15 OJQfc-> t(_)Lj*i!l i_U(J-C. £_UQJ_Q (^l j 


?jaSJI ^Lfll>jl j-bj (V ♦) 

l3 

■ _ 5CIIjLl lj J_Q-0-l I (J_Q (J^ j)U Ij^J . P Lo-UjJ 1 (3 4 1/^ Q ^fc \ Q (J.U-O-ujJ I (jj5L> tC-LiuiJl J-UC^ (3 

j-^Joj IjLcIs 6 pLo-mJ 1 (3 jno <7i 11 (^j-^LUll jLuil t> sij-uUJl Sjjlj j-o Ujjj 

J-& d-O-iuJl LuS-OU.-LCi J_Q-0j 1 


* 






u '•t-ui 11 j 1 J-AU i I 6 lfl.il) Lo _> jjj S^o N , ^ 11 q <7.JI * ñi'J I j^ S^juijJI ^flJli 

SjuijJI (_)^1 qJ ^u ja^ 5 iJU (j»fl <7iJl Pj)-uo ^j-o 4 uLIL) A * (jnl «j Sj-AjJJ 4.1 l1)j^JI «LuJxouJI 
j^uj^JI Juxu^l (^lu j^J j-oj ’O* J^L) 4ujLfl_o 4 _uxlq_uJI 4iLkJI j-Q j\j£Li Jil lj-li £isl_J1 (3 

" f t- f. (■ 9, (■ 

(j-Q 4.fl )fl-K 4ui.j J_) lijlj (_j^j*i!l (2 >-q J^>u 1 Sj-tijJI <_u^^ OJ^"* “' ‘4uj)-L^.H >ulu (3 i—i') m")) (^jJI 

■ce-A' 


j-auJI Ju «0-4$' <ii_r^» (?') 

jx. j-j jl o^j^* <<3jj4,)) jl Li^ij Ja 


^^^iuJI 1\ / n*i% (j-Q j_£-S^>1 (_>11~)~^- k_uU. (2>-® JL^JI iLlj (3 li, J^ “'^ ^tu^jJJ 03^~* jl 4uJLol^.l j| 

. 4uL*JJ 4 * Quj-q 4_J Louui.1 (_^J 

(^NA^Y 1 4 ) 111 'i_>-flJI 4u^_iflJ1 4u-*_o^JI (_>n mj-o j (J^u_>Lq^Ls Ju-qI^ 


Jjl4a£ iijj (XX) 


SjjjJJlu 1 j>£. S^ukjJl^ j^Li-ic. Lu^j^ ) IJLL 


^Juu^) ^ 2*1*1 (ju^jUu| t_i5L)j^JI (_£jJ Lt>_W) 4 mOu (Jjui. jj^jJ Lsjj_»_q SJLs ^vuusl 

YA* i_Jj> 1 ~>. i_i 5C.)j^JI 4 iii 0-i J^u*. llljjj ol)5L)j5HI Uaul LqI .^4_ousj SjJic. o i■ ij (jdcLiu 

.^Ic-Luj N 0 * * 4 iiiflu Jjui. 4uljj J SJLs £_luu j j 


oujxiAii^ (rr) 

^u^l 4_uj ^l 5i_) a^v .o jtLoujuuuj (J^J CjLoIjj^. 0,0Y i_j^^ 4_i LU kmj)l_o ^Juu 

iijLauJI 4_jluj'J1 ^ujLiJI ^ljUI tcJJj j-o (__>AuiLuJI (J_C. .Cj1j-q 0 ? 0Y u pLII (j_o 4_iLU 

^jrLmlti_i a*\ n jrLouuuuu (J^J Iju*. N , *\ i (j^uuu 4_Slu^ £_luu J j • jJLv.) (Jj I CuLiL lS L^J 






pL jtflll ^l -s.c. 


J^.j j t I x 3»*^ Q J\X\\"\ UII JlLl ^I jj^. ^ ? V ^ (juj3Ij^1J t 1 i a^N Q j\jC\ 3il \ <n JLl ^I jj^. ^ J VV 

Lo !^LLI J_C. J^.j i__i^j^ j 0 L \ jl j j| (j^jr\_i_Ll j-o . I x X*\ Q j\jC\ m \t n JLl ^lju^. *,*\^ 

S^j^j'JI 4_sL^ j)C. jr\-^S-]l i_s I I J-4> pljj i_i \ t n 11 

o^xll Ja ('Ti) 
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pLLI (j-Q 4 _>j1jj^. 4jLLi (_£ 1 (_|j-W\ (jJ t4_i j!lq 4j^.jJ N * * SjIjj^. 4l^.jJ (J1 jJl_uo*J 1 ç-LcjJI 
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-g 

. 4-CL-uJ I (3 _1^*JJ (J-1_Q (j£. (J-fl-J 4c juu_l çjj_~>Ll 1 (_£jJI fJj-$JL L$i_i jLLq 
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4_u^jLkJI 4_fl.iL.il J (jj*\ ~>k 11 f_-U!Li .4-11j-mJI (J_C 4 _iJLc jL (Jc 4 1 (j L Jic SjLc cii J_~s_i 
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dj^Lus 4 j da^ plI j-Joj <4jijLLo jjw j j)J^ (3 H p|Ijxu (N N) 

4_ClL'i 1 I J_c. Sjj jj-q j j*\T jjj ^-LxuJl Lj-llS-> x q t4_ijl *<^ll I 4 x L S 4JL*. 3 
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. jL-o'Jl j-Q 4-t.u-flj jjjsJI £_ks jjLflJI 


pLoJJ 4_ij jLJI dLLjJI (N V) 
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4jLLJI jA x j (Jkj lj|j Lo^ Sjlj-^JI 4u^.jJ JL>TuJ tl_$_J| ^l 4-kcaJ.l 4.T.iil 1 j_Q 

tu_S-iil-L j J-flLi i_ J ts~\ 1 Ij JjLuJI jujjLJI JJ-flLi ^JuJI (jA X J ._jj Jj-mi t^lk-JI 
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frLjAflll LJjUx. 

L$j'JjL*-_Q J) \ x"\ pLU CiLjjj^. L>° (4 LLjjI j) ^t-Lll CjLu jj*. j'J tpLtl 
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A* i xlla!L ^jLjjJ j\_ i_i jjfcj 4 4_jjjJ 6jj_u^j ^Jll O -0 jQ X j i )jJwd ^aj j_Q j .-LLjj'JJ 

ç-Lllj i_iSlill j'-c. gJUI ,j-q JJLu i»_a j_uj 4iLLJ1 & j_& .^sJjJI (J_q ^Jj^. J^J Ljlj^. Ij_*_uj 

jj*J 4j| C.vtSJ jj^- Sjj_u^j JrJjUI jjjJ^. ^j_uijL11 CjIjoL j-o-i-ojj • jyjjjLJ. 1 

.4jLxJJ UjL l l-s.Lo *Jj.L*v_o £ \ ts\ \ i jj Jj jlu jLjj -\ 11 gJlll CjLjjj^. 

cjjIj ji p-LU cjLjjjJ 4jJ_uoLI 1 ^JjjJI 4 _!sLL jA > j jj^L <^j^ -^. 11 (_£jj_uil1 J-c. 
4jJ_u^*J 1 4 jj 1j_ui_aJ I 4 ^jjJ 1 4j3 LL j 1 Lojj . ^cJU 1 Cj Ljj.'n-I 4jj Lj(j*\ 11 £_u^^ 1 *Li LL j_Q 
4j1jjJ1 (3 4 _Ljjj11 CjLjJjJI t-JJjj 4.il_uoLl 1 f-Ltl CjLjjj^. jJI L^-q_ujLcjj pLU CiLjj_^J 
jl ^i-*_Qj) jil jj^_i jU 4jj IJ_U1_3 lJ I 4^J-~N-1I 4iLL L-UJJJ_Q jLs t^tJjJI (Jji.1j 

.(jal jj^j Jaj-LkJI SjljJk 4^jJ 


Sili jj ^l jjjtu (N o) 

« _ ç- % 9 ç- % 

4j.jJ VV 4jjIjj^- 4^.jJ ^JLJI jjjj^JI Jj_uK1 ^jj^-i Cul 4 j^Jjj lJjiJj (j ^JljJI jlc 
^3 jj-fij g-^-JI dc. LqI .cJjCi (3 cL*J1 SjIjjJI 4^j J 1j jt~s-ll £^ajj djjjj j_Q 4 jjLq 

.^jjijj joL 4 LujIjj p1j_^J 1 jLj jjj*J1 4ijiJI pIjj^ £_ajj (^) •cjL> - ' c ^ cLjj 

j_Q 4 j jljj^. 4 js!_L c_\.LLji Lq j-^j i4 _uL _iL~s-1 1 j_q jLjJI j_Q jjjll cJLlib jj^j (V) 

.SjjjLL LuiLuui.| jl_iL_au jl jjLJI jljjjjj .^L_ujJ1 


4jj j^JI olI jjLLJI j plj^JI c^n<1 (M) 

j_Q >—a.l5Lo j_q 1 ji u_aJ1 V* ^Lijjl ^J^c. SjjLLJI ^jLi. j_o ^_5_J1 p1j_^J 1 (jo'J. -Li ml 


^jj^. L x <o 5 j j (_ijLLi Lq L x <o \ jl 1 ._ 1 ^g-i-J 1 pIj^JLs .4il_LJ1 jj-Lj-o 

(jjLKJ 4 \x \ \ L11 6j 1 j-~n- 1 1 4_r*j J jjJ 6jU^ 4 j^jJj 4jjIjj*. 4j^.jJ ^_5jj Lq J-4>J 4 j JjU j 

jUlLjj Lcu^LlK jLj-LcijlJI jljLij .4 _qj'H 1 Sj1j-~s-11 4^.jj j jvj ^j 4 Ci 1 jj LLJ1 

4^j j_oj .j-KI 4_al_uil jljuLJI i 3 4_o1jLj_uj 1 Lo j-4>j ijjijJI LaLL j_q 1 j\_K 1 j 1 joq 

j-Q jil 4j_u_j i_xla.j pl j-^J1 j-q 5 j_K 4j_u_j jj j Jj 5 jl_C.| j^j j-L jyC. J jijJI j\_aJJ j^Loj 

J plj-^JI jjjjj SjLci <3 jjLjJI 6j-4> j1 jox \ 11 ^xjj .jii- u jJI j_Q jj-o jU ^-Lvl 1 plj^JI 
jl jK_qj Lo J-&J ‘LjLK-il 1 j_Q Jjjll jjjjj 5jLc.| 1 (O \1 (_£jjj 4ij_iJl jjlj^- 4_^jJ 

.4 \ IQ Cl'JK-4XLQ I_i \ ui \ 


YYY 



SjIjjJI 


4 *a lii II (31 (\V) 


Jj^-jLt jLiJI j\ ts\ \ t4 1 a ni.ll jljrL^.1 £_q .i_jj^JI 3 *LLI (£j)i ili a £-SLj jj j 4_3t_xxJuJ I ^-d-l^. i \ 
bjj) ‘S\ j-C. i__j J)5vl I 4_4sjS Çxrsii jQ -\ s /n jLiJI jA X \ . J J-xxl > j Lxstj i_j j5Llt jJ*.| J 

9 p j. 

Jij j\Q *.j .(4_jJq_3lJI 6J_4> _i^jj (jt 2_LsLo_flJt j-C. 4_u^_Jjo*. Sj-Lij *I_SJI_ jt-ji (j-o) £_lsLsLs 
£_S-\ j J i4_la_i_uO jijj t jxulla-l I jLiJt j_Q ^-SL 1 li t PjJ^Jt J J-LJ <(J\. J OJ^'JI 4_is (j-3L-fl-J u-X^JJt 

(J\. J ,n<t 11 ^ 4-jt-^-jJ t (3^5 .l__JJ^JI j^Jj Ç-LLt j_Q Jjjll -Ll L-Ut ^JTvJ t l^i X tl 

. 4_3L_Q_iuJ t i _t ^J jQJ i (j tjjv.'J I 4 A t Q X J 

jjJj^Jj -\ \ (g 11 CjLjjju^. 2_Q jjrLiJsl (j\ J /m < \'J 1 CjLuj^. jl jj_L»_i_Q jjjL^JI -ULJ.3LJ 
j jS Jj^jLl jLiJt (j oLujjJt JJC. j_Q JLg \ j2i_jjJI ij 6 -U.jI 4_3lq_JuJI £_q_*2lj 4_uoUJI 
jt jrjfc.'JI 4 _jJ_q£. jc. 4_J-jl_jJt olljj^JI J-iC. jj*\ \ JJL lS .1 \^fc jUjJ ' J-4> jl _lil .JjLuJI 
4_uL.lq.\5v-H 4JjL1I 3[ j-LJ 4JLlo^ .4 -jI_ 1 Jl 3 4_lc.l_SLj.Lt ÇjLu j^JI J_1C. j_Q J^t 6 Jj5> 


2C 6 Hi4 + 190 2 — 12C0 2 + 14HOH, 


. 4jj l_£j 3 L\-4 j^- V *\ Jc. LiuJ t 4_> I _1 j 3 Lu jj*. Y \ j*L i > ljl: 


ij (Jau^-o (\ A) 

Jn \*\ Lt U| .4u j^UJI ^ \ / mLI jLk_JI j-c. ^jLs.> JjLJt 1-^ /n jjS jJ_3»_LI g-1 0 II 

j\ X \ \ i^j jQj wmL1 pLLI jLk_j 4-la-ajt jj (jjrsJl J^JLubJt J| pLuO-SlJI *J_qj <g-Ja_u 

. i__JJJj'Jt J^.lj pLLI ^j1olq 

Ja-i_ubJI j_Q JjI i_jjj-)'JI Julj jLk_JI x ts*! jj< ,\ /ns iic. j-uj (JUl\ 5LLt £_s^> 1 j| LqI 
Jjl_3LJ ^LsLjjt jiA g-LLI £_SUjJ ^U j-OJ .4 _ls1^JI 4X. j-uJLj jj\.L> jJ pLLI jLj_J j*J i(JJTvJt 
.£_J_lu1I jU-jJI Ja_X_ub>j {JT ^ 1 ^ 1 ^ /n ^(3 11 J^-i-uoJt jqjjq 4 ml jj (jj-N-11 JaJLuiJI 4_31 _q 

(JJoljlau t j-i-LI g-LLt 4 JU. 3 1 v w a J.sLaj'J pLLI £_suj ^LLI jU_j L ^>x ^j ci wm <. 4_>L^_lJ 1 3^9 

.pJo_U ^l 4x.JVXU jujLLI ^-SLJjl £-lj_OJ tLuLi jU_jJI i^> X 


YYY 



frbjAflll __ul 


(A'A) 


(j-uS Li (JJi 3 S^aJI 3"° ^j-cul Jjji SjLiuJI Sj (j 0II (jl 4uuuj-^t-ill ^tuluuJl . Q /mO\ 

L^J 3j^“-* (J 3^"' aJ P-lj-A 4»u5i (_^1 jjl .4 jLIL V* j-~su Jl^ J-u^l> 4unn dJJJj 4i-_SjjJjJI 

i__sjjJj 3 ^ 9 ^“-* (jlj j^LuJI ç-lj-^Jl 3 oLjllil _\oc. . IjJ i jujblJI Jijjco J_c. jJL jGL 


^u^uUl 4 -\ tn'.\ £_q i u ji-JLi luJj-L Lujj Lu _Lj jAuJI Cu-Sj i uu luuu . S Ju 3 j JjUlJI 


jj^uu . 4_S ^jj^.'J l i__Sjj-LJ I (_£ j Luju ^JJj 3 U 4 (Ju LujJJ 4uJ Loui.'J I ^t-UU I 4u*. Luj-q 

SjljuUI 4u^.jJ 3 (JjLflJI £-Q LiJj-L 1 _ X UjluUU Jj jAuJI j|iJ-3t-Q jl J-C. iJu jauJJ 

5 

^ljijjl J-C. ^_u3U jjuLflJI UjJj .Jcuu^_ll P-lj^Jlj 6j(j fl II ^,J-5J (j-^jL^JI ^-UUI (JAU 

O-Sj 3 ^ lj| *Jjl (jJJI *•—Lw~i> 3 I *jJJ (J-C- 4 JjLisl (JUj »-JljjJiJI ^Jauca JJi 3j 
t jjl_flJujk_Q Ju JjAuJI ^U_ 1 U_LQ jlij^ul jl ^XjJ . 3J J JUiU jl J^uLBj j-U-C jj-Q (Ji I jUjlu'Jl 

i 

.4u_ujI ^.lCl\ J-Hu 6jlj-UI 3 ^ ^LxIaUuu Lo^uLs 


luujjju 


Rees, W. G., and C. Viney. “On Cooling Tea and Coffee.” American Journal 
of Physics 56 (1988): 434-437. 


a_5LLaJI jJU (V*) 

J_Jj_JI dK~ Vjl 4_h_ujI ja 4uj Iju*. iiLLs J| 4uujluJI £_uuj 4jaUi c—i-u / *u Jjutu J.J 

Jl & LcjJl (JAU ^-^jluu JjLuJI JJjj-UJ cJKuuUl jjJ 3^j . 3 !IjslaJI £-Q cJKuuUlj 

.sH\ 

AJIjl(VA) 

x 9 ç 

3-q iJujisl cIj_\J- ui .P-LLl jLku j-q 4-flu.aj pLq cul jaJcl^ jj5Lc> ( ^aUI plj^JI Jjjj LoiAiC- 
3-oj ‘LuuLcL~t-> 1 J^'JI SjljiUI CjUjJ J_C. ç-Usl culuujut. (ju 4x. j-UI 4uuJauJI cuLojl is\ \ 11 

^ 5 $ 

Ju-Q LLuj-Q (JU-J 4—JojJI JjUl P-lj-^JI .pLq CjI JA-Ua 6jj-uc J-C. L^u-Q ijujisl C—flu5Li \ ^u 
.^ujjj^ 4 -iLolC. 4ujJojJI 4JIj| 3j^ IJJ ^Lsliub. J^JI JjUI plj-^JI 

YYi 



Sjlj^JI 42kjJ 


a^ui dh j^ji (rr) 

t4 Q \ 0 1-n 4u*.jJj ^jJ^J»! Jj j\j (_^| 4u2*.'Jil I (Ji.|j Jjj^jII JjLdl plj^JI (_gJj \ /n t4jl JjJI (3 
t^ljio'JI 4 vLct.C £ t^jJoJJj 4 _^.'JjJJ (j\ iaaujJI (juo-'N--N.l I (J-C. I JLolc.1 tJJ jj 
4 JsUjJI (j-o jlk wn tlJ4.XJ 4^UlJl cJjjs-a (J-oJU LojAc. tcJJj £_oj .Lo^jjj SjIjjJI 4u*jJ 
j-\il jlj0 q ^'Jlll > Q l^ S Jj^jJJ Jjj\jJI i_jjjLjI (jjjla jC. ^jJ^Jsl (Ji.lj J| ^I^JI 
(jjjLflJI 4_icu (_^jJI jjuJI (J-C. tJJjj t4^liJI 4-o J0 q (j-o 6« u 11 JjLjJI glj-^JI jI0 o j-o 

• Lijl ^jJaJ»l j\ is\ \ jjj ^aj (j-oj t SjjI^JI K^UjoII JliJI 


pUIj ei$$Ji (rr) 

1*1 S< S P 

(Jljj pLLI (jLa j^i (J-C. SjIjj^JI (j'J-ucjj (ji^LcuJI p’LLIj pIj^JI j-o Ui jl ^c.j 

(j-o ((4_LflJ.iLI)) 4 jjIj-n- 1I iiLLJI (j-o (J-C-'JI (Jj-xllj .pIj^JLj iljLLo SjljaJJ (J_uisl U uç\ J-O 
.«Jj-^JI (j_o 6 Jjjj J-i 1 Ç-LL1 (jL jjulu il' 1 > \ 4u*.l \ / 11 II ^Loj*. P-Lo (jl^ çj J aua 


jjUJIj j^J.LuiJI pLLI Jjjru (r £) 


j-o--N.ill (j Ijjj j jjLjJI ^LLI (j-o j\il 4x. j-uj (j^.LcuJ1 p-LLI j j\ \jjj 4 .\ \% o u_sjjli (JJi (3 

£(_£jj (J-cij-o «_x nii 11 jl j*£ jjj ijlg-LLxC- Lo^J (jujJ (jjjJjJI (jl li -v'J tPjj (_^j ££jlj 

“ ^ 5 

jJL^ tjGiwii—w 11 jjjJjJI ilLi. 3 S4u^.jjj 4 jJLjJ1 4--n.-s.1I . Sj1j-n. 11 iiLiJJ 

.Sjlj-N-11 1 JjJN- 4.1_UOJ -0 SjLo (j -0 (juc.jiuO-O (jljJjJI Jjjli jJ 4u*jjJI (juijj ^_UCJ 

Lcjiio t(j^.l_cuJI pLoJJ (_^j 1 a 11 ^lo/n 11 j_o ^-j jnj-JI ji.ill ja ( ^uLu'JI jjUJ jGlill 

isl_ui| ji-ill 1 _aJlaujj .g-lill (_^l^ j-uoj 4_o-flJ1 (j-o (jji.LcuJ1j JjLjJI pLoJJ j\j^ JaUj-^-lj 


jJoj-Ul 4 jjjJ 1 (Jl 4 jjlj^ll isLLJI (Jij (j -0 ^JjU (J J_ 3 t _0 JJJ*.J 3 (_£jlj-^Jl (J-CLTN -11 (J| 
j\ \ ni-N 11 jjjJjJI (juL 3 JL*. 3 • (j-i^u Lj 4 _ 3 cijj_o 4 _uljjj'Jl SjIjjnJI 4 _^jJ Jjjli jJ 
(_J.\_UOjill 4 lo culJJ (J-CL-JI (J J- 3 L -0 (j-O ujlj-o S J_ 3 U J\i 1 4 jj lj-N -11 4 -SUo.l 1 (J-flj (J J- 3 L -0 jjLi 
4 jLLLj Yi (Jl^ (J-uoj Lo jjn_jjj JJ tcdJj (J-C. SjU-C. .(jjjJjJJ 4 jj_ulu^J 1 (jljJ. n .11 (JjLi. (j_o 

.j-o--N-jll g-LLI (j_o J51 4_i_o^ jJjjj Lo jAj tLoLoj (jji.LcuJ1 g-LLI jJj 3 ^LLI (j-o 
.1 Ijui jjij * 4 jjLJI p-LjjI ji-JI 4 -xS uwiij \ (_£ ill 4 -liill (jljis (jU tl *\-n </jjl Lo£ 

4 u*jJ (J| 4 jjj-o 4 _^jJ \ * * SjIjj^. 4 u^.jJ (j_o J j \j (_^j -11 g-LLI tj-o'i !1 (J-C. uijJ^j-o (Jlio 5 Cj 


YYo 



^_ul 


^ .9 P 

4_j.LxC. J 0 o7wn pLLI jj-o (_£jdl 4 jLLIj N Y^ t4.\LK jj_o 4 jLLLj \ "L JflCh jii ^jjjJI jJlu^JI 
.’/. Y*\ = ( N "\ — ^ * *) X y.\ \ + X ^ *\ : 4.11*01 (3 ^ Q II JLo^t £-hu ^j jj_oj t I 
(3 j^-LujJI pLoJJ ^jjujJI jj jdll Idk jyc. dj_dj _Ls jj5Lv> jnwn\Iji jjK 
IjK Jj-O tiijjJci Ç-LUu Jj_uClS Jgj ^jjJI J^HjII (Jj .(j*\"\Y*) «SjjJ-^JI Slj'JI)) 
tJHLI J XJ/II J-C. .uijJLLI ^gJJt /7 1 .11 djj^JI J_o Lja. j-o'il jLu^ t4j_aLj Jjd ni'il JjjJlj 

6j 1 ) iii 11 J-C. L$dSj J-o ~\"\ wn pLLI iJ^LtuJI ç-LLLj Sj 1 w 11 11 J-lujlj *il ^Jljjj 4jI J flj > j 

— . ^ f p ^ 

pLILj J11 a. 1' ^ t ''' 4j| la£ .J^jUI pLILj çjm£ Lo_o j-^l 4c 

■ JjUI pLLI Ja J4^l 4-C'aa." ' <'' 4j*J tI Ul 

Auerbach, D. “Supercooling and the Mpemba Effect: When Hot Water 
Freezes Quicker Than Cold. ” American Journal of Physics 63 (1995): 
882-885. 

Chalmers, B. “How Water Freezes.” Scientific American 238 (1959): 114- 
122 . 


JLULLI jjb fj ajKII Jc gJjill (Vo) 

J&S _l_Jul J-iLa. I' 7j -La lu ^JLi j2j&. j j-i^l ^j^LUI (JLLu-^>11 ^J^aUa \yd -' 

5 p 

^JjjJI j\-l ^j Uj^ ju^j _/Kl J^LcuJI dK\Vil i^i o II 4 -o.i.O-ll /n 

. 4 jL»JJ lj-X-ua 

3 / 5 

^JaJL-o LojIj jj^Ku j^^jJI ^j-CLu^JI 4 j^jI^jj^. i _s^jLflj j^jJI J.lL-n -11 ^ L-i tn : 4 -Ia jfr.-s.Lo 

jl^il t^Jsl^JI (3 •ujL^.'JjJl^ JiL-s-ll L /n j\J cJK\~v'JI '.—S.CL's.> pLLI (j-o 4 _CliS^j 4 _CLt-K \ 

J ^ S (. 'H s 

bj I^jjs. 4 u^jJ (3 ^gJJ^. t^JjLcuJI jj_o 4 _cLlS^j 4 _fljJa Lg_l_k_ujl ^ L-i a j 4 wmII 4 -iLu^ill 

Lo JjC. (_J-flj ^ tJa-uiLl 6 ^j-^J I 4 _S I L> 1 1 jj I jjuS | . \ tS . < \ / n ^ J Ls^j I (j > * I 4 i-> Q \ Ij U^ (_J-flJ 

. 4 _ 1 jLcuJI 4 JUJ 1 (3 4 0 t S^jJ 1 ^ l^i tn 11 4 _fljJa jj^^j 
JLucu'Jl 4 u^.l_tu_o J-C. £_il_JI JsJLudll jjl jj-o ^jj^jj^j Jj-CL-s-*) _\~*.^j 4 jI Jjji.'J LAjI 

^j+ULJ jj Li^ j UWl M ) jj*J ^_cKj Lo 6 J- 5 J 1 jj-O J_Lj J.lL-S -1 1 4 jsJ j-QJ 4 _u^ LkJ 1 6 J\X lS\ 1 1 

L> X 1+1 6 U~*.^ \ 1 * jfr.-s.) 6 ^jljl Q o 1 L X i<^i jjl u-S^j-S-LI jj-o^ L /n 11 J-C. JjJjsJI 


YY\ 







' '' ■.tdJj ' ,/^1 q 3^>_9 (J_lL^JI __jl /j jgajl ^ . .' ..."11 1 A 1U./> ''" 

!SjUJI 4 ^ Ij 11 4 _lS 

Wettlaufer, J. S., and J. G. Dash. “Melting Below Zero." Scientific American 
282 (2000): 50-53. 

White, J. D. “The Role of Surface Melting in Ice Skating. ” Physics Teacher 
30 (1992): 495-497. 


( n ) 


(j-O SjJ-L J^ pli.1 (j-Q 4_Q_l£j 4_CL Jo J-Q_3LJ t jfll I j-fiLucJI i__Jjl_£LJ SjljJ^. 4_^.j J (J 

L^-lLc. X lA \ LoJjXL jA X \ \ 1 CjIjJ-LJI (jo cjl < \*i^.^|l >—0.lQ -' > >_\ J-C. J .i 11 Cjljj-Ll 

£>Jl& iJJj (j-a l jJj^ ^uJ^ll 6jlj-2iJI CjL^jJ J -1 (j Jc- j^-tuJI P-Llul 

^ill — 1 ‘i\ \ dlCi~Jjl jit/u j_oj »j-J-^JI cjIjjIj (J-c. <lLL 1 jj-o 4 _LlsjJI 4_q.J^.11 

~ 9 jj 

.«jjj-uoJI» 1 (j iaxuj ^jJI 4 jL nll 4_Jj-uo.11 LjJjJJI cJ-Lj — Jjljj^. L»i i/^i 4_iS 1^.11 iiñ \ 


^JjJI jLiio JUalll (VV) 

< J-lx'JI (3 -SjA-i-u^ CjL^-Llllo (3 j^> * J £-a L^_u£s_*_j jJj (3 4 -C.J_unjll gJJJI CjLut^-o (Jj-l^'JLj 

0 Si -»9 Lji 

'i! (juLouJI 4_Q_iLLo (3 (jil iP-LLl jj_o 4_jl_i_lJ 4 _LxSj 4_Qlj_L> 4i_Ls_m ^-I^Jlj ^_Lj Iw .i xK o J^ 
4_jjlj_2iJI 4jLklI jj_o JiLq.11 JIj-» ^J jj-oj tg-1j)(j 11 4 _uoj_3l-o ^ auJI jj-o 4 aLuj-o cJLlx 

J-U-Lj )) ^-0_U-LJ (^jJI 4 J 1 £\ X \ I (j-^3 il_3t_0 gJlll Çjl J 3t*\ o J_lX_i1jJ t J_CL~N- 111 tÇ J-~S_ 1J <<iLll jj-0 

.4.iLl/\1I SjLLI 3j ^Ja-gjJI Jx JJ1 x"\\ 6j-^JI iiLLJI (jl jX (JxiLlu^Lj iCjJ_2i_j LoJ .((gJill 


^LuJI çdiJI (VA) 


4j^jJ V*\ Sjlj^. dc. gJill i_jji» l^>i i/~> Scj i_Lll Y* _li£- ,^x.\ Ij-ib ( _ ilj-'N-ll 

! (_£ j^i_il I J.Ln- 11 Jj.-s_l 4_isl^ 4 j^.jJ t4_jjio 


YYV 



>_ul -s.c. 

p n / » 11 1 43 »^ (^) 

CiL^jJ £_jjI LA-J JiJ-oj-i ç-Lll jl 4 -O.lO.^.I L^jLl~n-> 4.L-N-1I CjLjjKJI (J^j lJLo_uj'JI jjjJ j 

c^.1 (J'Jk. c.i.iV^ «ji L&jj-u^ J^-j SL-JI cul^J J-l j jk t^jjll jo ts\ 11 (juj k jj_o 

. 4-xu J-0-11 4_iJ_i_LJ I jj i/~\ x 11 

^j pIj-^JIj p-LLI jj_o J^J 4 j jLo CjL^jJ *\ SjIjj*. 4j*.jJ JnC 1 JjjJ Ii _11 m 11 cJjJ|j 

ç-l-LI j\ is '11 ;4_i jj_o CiLi. jj C j\c .pJ^jj pLLI jj^ Jj^.jJJ «Jj-^JI SjIjj^. 4j^.jJ jA-CL~>>- i 
Jjj^jJJ Ç-LLI jj_o 4 _sLj^ jj^I 4jjj_o CjL^.j J 0 4jjIjj^. 4j^.jJ 4_xJLJIj L m II ^J_C Jj^j-LI 

Ç-LLI J-3L-U2U iÇl.i-~S-l i^ljj-ol (Cj^J j)_OJ t4jJJ_Q ClL^j J *\ 4 j j Ijj^. 4j^.j J 4_iJ LJ lj 6 Lj JI 

jj!^-j 4_i jj-o CjLi.jJ 1 Sjlj^- 4 j^.jJ JjCj .^UJI JjjJI f-LLI kc^. ij ^_k_uiJ1 (J| lij'Jl 
ji-UJJ tCii^-1 j^i pUi j=^ £j J ^ljJ-o'J I 4_iLo£. j-olui IjJ iSiUS LuU pUI 

.4jjj_o CiL^ jj i ^UJI 

1 j-4> JKi I jJ 1 4i Li<[ Jil ^ Li /n II ç-Lo jj ^-j 4_i jj-o CjU»jJ Y SjIjj^. 4j^.jJ jlc. j^J 
1 j-4> .^ljj-o'Jl 4-iLoC. ÇjJ-~Ci *Jj jc i~wn II (j_C. 4_i jj-o CiU». Jj Y 4jjIjj^. 4j^jJ 4_xJLJI pLLI 
J-3U ^aJ 4j*J i4jJJ-O ClL^j J i jc. 4jjI jJ^. i_ji-l 4 i/^iCA iLI l jLo£.'Jl (3 *LLI jl ^JJU 
^-4>j t (_jj_uc jjJ I (jj jJa jc. JzJLj L^jJj Jj Uoj Jj jC ll Li . J i j_cu ^J_C J jU jj 1 jj LLoJ Lj 
.(_jjJ jj-o CiJ-^i Cul^ (^jJI ^j1j-~n- 1I L j-o-~s_ll ÇiljLiii 4jjLi_o LoLoj 4jjJj 4.iLoC. 
(J-Q_3U IjJ tf-LLl jj-O jj_tol 4_lj1jJ^JI 4 i iLoJ-0 jj^-J ^ /11 11 J_C. J i L~N-11 jjj5i.il (ji^j 

t^Ljjl jj^jil p-LL 1 j-o^ii j)-oj ijjLill pIj^JIj pLLI (ju ^jlj_^J1 (JjLjJI (J-oc. jj-L^JI 

.SLuJI j-OJ-UJJJ 


SpLU^I ^._AsUa-o «iLflJal (V *) 

« p - Si 

^jjLuo-o pLclLJ çJjj (j-o 6JjLi ^l 4il_kl1 jjkio (j-o j-CL~i-ji pl i / m 11 J_u^S J'Jk. 

4jj1jji 4iLk 4 _sjJlJ 1 t_ii_tAi (^LlAJI p j-AlLi tt__aj_u^J1 (J-u^a Lol .4_^_j> jjJ.1 SpLlAJI 

.4_ijI_ij 11 jujI I^L I pLik| jj /ii^h*i /11LI (j_o IjJ içlj^JI i a-i^.^ 4 k /111 jj L^j_o J^il^ill > i~i-1 

L^j-o O x 11 L1 g- j_lA 1 I j t6jlj-~i-ll liAJi 6_\ ijjl_u^_a 4_~i_t?> jj_LI S^LlAJI ^jjLu^-o 

4_ucj_oj LoCiC. 4 j jljri. 4iLk (_jl^ i aLkll kl_£j (Jjuuj-uj ^4il_kJI j_o /. \ * jrv-i^ 

. ç\ i /7i*JI jj-o cJJj j”LCj iCiLi'Jlj jj I j C~s_l 1 
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^cJjLucil Lkji)JJ J_XJ ^jJI 4jjljjH 4_iLLJI ^j<CJ J_3U > \-~N- \ t ç\ \ n\ 11 J_uClS (3 

jJijj j_Jju 4 ..iLclC. Sç-Lfl^ j.uflj 3 LijJ jj^j ^-"Jl t4jflJjJ1 4-o ( J'iL. 3-° si 0 iaJJ 

jj^j pLII 3 ^ • JLil 3 -0 ^jjil <J-flJ^-> Ls pLJxo ^L-uUI cJJJ tcJJJ .pLj^JI 

-ilc. *Jlj_ol 4 -LLj 11 ^jjLucil c_aKJj tLAJ .^LLil 4 j^jjJ 4-o.KJ j!i^1 4iLjk SjLc. 

.l^JLU 


P. A. Bender. “Lights as Heaters. ” Physics Teacher 13 (1975): 69. 


iujjdJ ^LaJI (Y \) 

SjLo ^l jl 1 J-uOJ *J (_^JJI 1 x Lu-Jl 3-0 Lcjj-uc-o ^gjJJt-ll fl.II jdj Lo Jj-uLj*. jujJ 

5 p * — — lt! p 

j_3u I J-ucj (_^JJI u-J-ucJI ^Jjjl jA * j .P(_£jj j-^-j jc. ^ OIj^ 11 4iLUl ij_uc jj (_£jU 

.SjIjj^JJ 4j1 x 11 LjJJ ts> j-o 

jj,.iiii (rr) 

.4-IjLluJI 4 JLUL jjjll jjj 4jjLl1I 4 JLUI J| 4. J-uUl 4 JLUI 3 -° gJSJI ^-oLxJj 

L>“J (^) 

4-U^JI 4 m\ J 1 3-° 4 jj 1j-U 1 4iUU1 4j Jijjj (_£jJ1 (J JJt-LI j*_flJ1 j 1 j J 3 3Lx' 111 J X nU tUJ 

14-Juj j_~s-o 4j-Uj CjIjjL 3-° (JajLuj'JL Lj5Lo jajj^ jjjj'J 1 jL 1j| . jajj^ jjxj'J 1 ^tjjo 

j x jxUlaujjjj ^j j-oj t j-v.cS jj»j j-C (ju-o^LJI 4 j*.Lu-o -\j jj 3 I 3fL1 4_fll_uo| 3 L-L j-cvfl 

.Sjjjj jSSI gjjil 3 I j*-Lj 1-\^Jj .4jjL 3 3j jl jjJI 4flLkl1 3-0 jLI j-ifl JLEjjI 
jjjjjkjj ^-TcJl t^tJjJI cjIjjJj 3-0 j-vj^j jukfll (_£jlj^. J-cLj-a JjLUI tdLli J-c Sj'ic. 

J j » ,7ñ,n IjJj uU^- oljLu l_$j jj*.jj 4jI \x o j^ I Llj j£LJ1 p-Ij^JI 

.SjjjLI (juLxui.^ 3 jl ^(3 * ,n e> j-\jLJ1 .Sjjjj jj^I »ji 1 


YY^ 



•Ljudl C- 


el~i nill j d»\'4 pljjjl (V£) 


4.\5v_AJ 4-X_l 3 g-ljljjl^ .(juJJI (jj^jJa (jC. Çk <11 11 _L) J 4ul_ll_J V* J_^_l (_£jJ^_J ^jl (j^_0_) 

.çk (ii^ II Pi__S J J_C. JoL q.~s_ 11 3 SJ£-LmJJ Jj^I (j-Q 4-jl » 11 (Jl_*_3 jy ^-* (_J-C. JujjAuJI I _U5s jlfiu (jl 
. <ii-n II ^-ifkc. Ju j-lj (J-olc. (jjjIjJI (jl j)Ja. jhjI (jl^ t4 v nit-lll-jj 


£jL3JL 3ijLuxJI djj (To) 

Sjlj- 2 ^. 4_r^.j J L 4 J ^jJI t4_iJj^JI ^JjJJI g-Lo-t-u «(_^j-i)) 6 jl J mll i_3Q jju t4_isl_u^JI 41 \111 (J 

J^ (3 4-3UsJI j_o IJ^-J^ IJIJO o i—3Q /n11 £-ui j j-®J • 4-LL.Q.K 4 us.j J Y A 0 j-^-\ Lti>jI_\Q o 

'JJ_i_o jj^-j l_i^Jj ‘SjI ixuJI t_3Q n\ (J-C-l f-lj^JI 3 SJjUfc.j_ll 4_i jJojJI t sKJj\ . Jj\_)j 4_ulj 

.^l_j_u^Jl 3 

IJj 5> (j-° . ^J-j-U I g-Lo-uj ((ijjj» i_3Q mJI ^.jJaJuxLj t4_ojLiJI 4 -LjJJI 3 (J^J 

\ . p __ 5 

V* • ^jlll ji^=JI ia-jJ Js Jtl L^ijlj^ jj£i JLll ‘ V^ «c5Ji» 

jj3 AJ ~bl_S <ia-LaJ.I plj^JI Sjljua. 4 u=-jJ (jui- 1 -i I lA q~ -- ^ . aa mj| jlA \ IjJ ‘ (d \\Q K 4u=.jJ 

•^4=J tj 


jl flJla-a jUjJ 1.0 j I j^LuiJI pLU jLLujjua jLi^çc (T'"\) 

3 I Lo 4 j_iK (ju j x IL ^j^JLslj t^^JJI i—s^L^. J-oI^jlJI J^ (_£^Lcuj 4 JL^. 3 

u_LlLJI 3-° (^j-U e-jj^JI l3 ^LAj) c^j^^Ij cjj^l e-ljj-uj j3 j)\ * II (_£_i^J uj^- 3 .4ulj 

tj^Lj Lu^j^JI^ . g-l^_o-~sJI C.vrs_*) 4 _S_uu'JI 3-° jLlO.L l-^-o L04J ^i> i ^oj.JqIj» H 

J J-2»_j ^HJl t^J^-ll *. JhAIL 4 Q 1 x j!1 cJJj 1 J.w 11 ) 1 j tg-J_o-~sJI C.v.'^J) 4_3t_Ju'Jl_j 4 Q 1 x 7)11 

.^La_iu*J 1 4 L ml jj Sj^j-JI Jjjco 


Bartels, R. A. “Do Darker Objects Really Cool Faster?” American Journal of 
Physics 58 (1990): 244-248. 

Ristinen, R. A. “Some Elementary Energy Questions and (Wrong) Answers.” 
American Journal of Physics 50 (1982): 466-467. 
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Sjlj^J' 


(jxLc-iiJi (rv) 

^jjji 4-LJ-flJi jLlq*ji <3 -L.l-sJ.i ç-Ij^ji SjIjj*. 4^jj ji j j.-sj (ji*ji j-^ ( j v j-qLc. 4-qs 

jjL» g-l \ n\ II (3 *SjvuLill 4j<ii q JtJl 4i LLl I j IJ Q Qj ^j^j*J 1 SjljJs. 4_^j J '. Lq_4j *O^J^ 

(jLj'JI cJ-° <—Jj-^JLi j-qj ^^jJI ^j-sljJI g-lj-gJI CjIjLvj j \.ugq IJJ tJ_a_flJLj SjjL (jLj'JI SjIjj*. 

(JLJL^XLJ j£- Jiu 4_JjljJ (J^J*J1 ^LdM jjXLO-fctJl g- J-UO pLlJuJI 3^9 . S JjjJ jTlS ' 

jjj jujLjJI .t_3j_uuJLj 4 jjI_Qlq jLj^jl 4j-flJjJ 4-iLL.ll jj-Q (Jil jlJ-Q _q j-u-s jj IjJ i4u^jj 

S ^ ç. ç. ^ ^ 

Lfl> ja_Cj ^_s_ > jJ I Jj-dJI CjI jvjLj O JjCj LuujI . (Jl JjC-Lj tjjVf J^jj^JsI g-lj_^_ll pLLj[ jj'J j-qj 

. ^jL^ l Cj I JSJ Lll I j)-Q 

jj; 0 3 

< ij i- L j lj Q Q (3 (JJ-i-Q_luJ 1 g- J_UJ I_j JuxJJ t jjj J--N -11 4 j Ljjjjj Lq jii^C J-C. '. 4 _LJ-^_Lq 

. j-JuLj-LI j^LuCJ-a^jl (J-S_Qj g-lj^JI (j\ iim j)-Q 4jLxJJ 


jJLjjjJiJI Slij^ (VA) 


£_Lq i,_jjjjj g-j-LI ^J^c. tu_.i_L.-s-H ^_Lq (jsj jaj i7u jL jJI dljj j)_Q 'JjjJ Ijjfc >_i'j-^s-11 

. « . j# ^ c- ^ 

IJ.& .4ij_iJI (3 4j 1 ^_q j)-Q LLjSs jj |jL1 \ 11 Jjil 4j jj 4 -.lS_qj Ç.i. \ L^_qj£. Jjj uj-LLI 


Lojjj t L^jILq 4--SJ.S cJjrlJ 4 -q J-fl-LI (3 ^jJI t—iL-'’s_ll 4 X L S 4Jlj| t xiLl 1 Lq SjLc. t JJjrLlI 

jl J-fl_Q ujJt inin 4 JL-S-II 6 J-4s (3 -4-oC.lj £_Ls J-C. jjLijj jl 4 jj 1 a II ujLjsJI ^_Ls ^Ll-sj 

. 1 JS Jj SJ.^_-S-11 g-lj-OJsJI Ç.U-SJ 4_3lL'JI j)_Q j-H 


Walker, J. "... On Making the Most ofa Fireplace .”Scientific American 257 
(1978): 140-148. 


J^xu^jl ^xu^JI ^UlujI (v^) 

5 - s 

j-$_Lj j 4 4jj_qL 4u^jJ Y,A 4jjIjj^. 4js.jJ JjLjlj j)jLll (3 ^jjjLlLI 4-iiLJl ^Lt-ilJ 

^j^l u~\\ q*JI LjL~v (J-xjj jjjj)jiJI jjC. jjLLI ^La-i.u^jI LqI .^j^Lujj-g! LjLjs. ^l 

.jj-flJI L^_1 q ^jv-uH SjLLI (3 Sjj^j-LI jjljjJL 4_u^lLJI 
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*pUI j(£•) 

5 p jj 

4j*.^)J j^^S ^j'^*-'JI 4_lxlflJI ji 4j^_uc 1 ^ JiJ-ouu 4 uLs pltI Ju j-\j j\c 

j\c 4_iul_tuJI 4 JL~s.ll j)_o 4j Lcli\I 1 A 1 C 4uL1L) N N j^-~s.) 1_45j_1s 4 unu pLII J_Loii t4 \ mllllj j 
Lo jjJj j t4_i^ j-o 4x*.jJ jfliri Sjlj^s. JjC SJ_o-~s-J.I 4J 1-s.lI (J^ 4_jJLo 4 j^.jJ ^j_fl_uo SjjJa. 

. 4j iAj J--S-1 1 ftUI j\-lu I^j_o cJJj (3 I- 0 - 1 tfi U 4 j^LxJI 4_iCj'JI 14 x o jL^SjI J ■ _ a i /iñ i 


*jjUllj (3i.UuJI ^l^gJI CxiJ ( i \) 

jIjjj j^LiuJI f-j^-^JI j)-o jL^ J| plj^JI ul 0 ^ jl jTi 111?>—iJj Ij 4-oljJ u_jjjjI £ 1 iau 1111 

ijC' 5 jI^ 4I ii flj^.1 <J\ 4j ,jjÇ ,jt (jjj JjUII flj^ll (j* 

i_jjJs I jlj^^ Cilc jsxi CjI J 4-ol^J cJLjj) (Jj*._lll <__)jILs .4 _l3 4 J j ~*. J JjjJ J _Loj. 11 j^jjJa 

j^LujJI t__S^)JaJl 1 _>j)-u^ cJ^.~s_ill pl^^Jl .4_jl^j_\-^. t_j^j^ Uaj) (jl^J^ CjLcj-uj^ (_jjj_)^l ^jj_-s_ o 

jj_o i_jjcJLj Lsj'Jl plj^Jl juj 4_JLc 4^.ojJ 4_rs._jJ CjU dJl^L^.1 CjLxLo_»_i ^j-o_) i__j axj'JI jj_o 
4_u^.jLkJI j^Joljll jy\ ~s nñ (Jj*J (j-o (J-X-tu (JjJ (J[ (_£ Jjj Lo iJjj'Jl pl^gJlj jj^J.1 

4-oljJI 1 J.S J^-mJ plJ^JI (JjJ^J-iUj .i_j^ jj'JJ j)X^.l_iuJI i__S^)JaJ1 j)_o ^^)J^-J Lojjj C-1 0 (g 11 

.4j_o ^^-~s_) ^ J^jljJI 1 _S^JcJI j)-o 4 j1jtLsI ^_o 
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jlSJI 




ju» ii jlj (\) 


9 Jj p - 

jJ-3ijj Lo-lA j-vj-xj ^l «4_»jljJI <-ISjj-uo ^J_c. j (g lA i jj <(jL* J-oLjtHll (j-Gljll 4JU*. 3 

(jdjjL /») 11 (jGljil j-Q (_^1 (3 (_£jS ^pj' 4_OJJ^_3 l1I jJ-UO.1I j-Q (jALfl.ll! ^J-C. dlljj 

■g 

L^uKjLjIj 4 jLojJI j (J_Q.iJI JJO. Q ^J_C. Sjj-uo.11 JJjl^-3Ljl Jii liAA i__U-UJJ .Sij^ ^J_C. 

. L— fl.lo-11 J ^Lojll JJ.’VO ^J-C. 


Galili, /.; F. Goldberg; and S. Bendall. “Some Reflections on Plane Mirrors 
and Images. ” Physics Teacher 29 (1991): 471. 


JlLUI J^iJI (r) 


jluTj-Q J^ljJJ <g-l Q~\0.jll Cxflj (j\JS.J .^yO-CLfl.H (jAlj I Jj^j-Q (Jj-flJ 1 (JlS-) £-flljJl (J 

(jLLfli . ^ j-'-ull 4 wA I 4 \ 1-^lijJI jljiJ-rN-ll jj(j (_£jJ J 1 o (j \ * <Aj_q (J 4x. j^-u_) (jL ja_^ 

^ J^jjj.1 Sjll JJJ 1 Q(j \ lc. j_Q jll^ 3t jll ç■ J-A11 JjLl-OJ 3.I.LO-I j Lj_Q-Q-UO_Q jLujjL^Jl jLlj-ll 
4_J jljj jlj JtLlCI I j Lxj J \ /llll jLIjil ^_U3 JJ . Jj_flJI SjJ-L^ 1 (j \ lc J^hu jl (jSJl i 4. Lfl. IA11 
.jj^_qj^JI ^Lo-il (3 i^Lo'ill juLoSJI loo. jj^_j (_£jj^.*JI J_c. Lojbli_i^| 4_QjLfl 

(Jl^ l_3LJjvU Jj-flJ 1 jLfl_i ^J .(jLjljoJJ 4-3LJ j-'-uJI 4^jJiJI g-LflAjl ç■ J-uAll j_Q 4 iAqj ^iAAjujjJ 

. JJ(3 Q^ 11 <ilj-3 j! u_jLj (JjLA j_Q ^jujII 4J ni-k ^jlA. 



•1 \ o 1 1 i,_ 



Edge, R. D., andE. R.Jones Jr. “Optical Illusions. "Phvsics Teacher 22 (1984): 
591-593. 

Ruiz, M. J., and T. L. Robinson. “Illusions with Plane Mirrors.” Physics 
Teacher 25 (1987): 206-212. 


5i^i II (T) 

JLl ^tJo-mJI j-Q -Sj^-I^ \j\Jijl jtjjj lCdU I d h \ d \Q \Q II 

(3 ^ ' ' ' ' ' I I ^ .11-^ II c.All pl J MI ^ \ jl J \ Q t j\-j|J-l j-Q S J > i Jl 

6jj)-u^JI ^J^ill 4 l^/nlLo£ t4_j_u^!lxQ 4 i 0 iO 4u_uJ> ^J-C. ^ J-Uujj ^LflJ I 

.4_lc 6jjLu-ill 4_a_Ju'JI £__luj 4 1^> /nl 























Sieradzan, A. “Teaching Geometrical Optics with the ‘Optical Mirage.’” 
Physics Teacher2S (1990): 534-536. 


5SpUtal (£) 

4_xJ| 4u*.j \ /i) (_£jJI £_u^jll j-~s_> (J_C. Sf’LiJxo jj^vl iC-'N-l' 6jj-u~il1 

jjc5 ^j5>j ^jJ-JI j^L-usll (j£- 6jjLu^ill Pj)-u\lI 4 _jlJuI ^vu Pj-q. 11 (j\_o_> •^Lu^ll Pj-uo 

4^3 (j_Qj t J-fl-uJI Sljll (J-C. £^j_uCjll ^ Q \ Q 1 1 II I_) jvL) 4.lO- lO-~n- 1 1 $jj_u^JI jyC. 

‘ 9 -** - 5 

■ d \J j i/> c l !✓> \ /II d \ < \ \ 1 1 \j 4 (^jJ_)J| j>L_UCill 4 L. <n lj \ ^ Q S Q ~v- I I <v < n I I c l tS> \ 

Mackay, R. S. “Shine a flashlight on an Image. ” American Journal of Physics 
46 (1978): 297. 


jjfUI (°) 

.4-jjl 0 II 4-PirsJ.I Jl^ LjjJI LiJIiTLoI (J_c. 6j^L-o jj-JJI £-L*_uu uj-u^T> jl ^ x \\ \ 

4(JJJ^I P J—uU_l IJ JQ~\.*JI P J-uUjl (j-Q JLl LjljJI <3 Ll X I I 4—0. i-O-lo U_S'JJL^.I (J j*\ \ JJJ 

S n> 

C^ l * <T i 1 1 jU 0 ' d \j l Q /> ^ O^V \ 1 /\ \ p ~s- ~v. I I j- \ \^ .j j^ \ <n d \ P \ 1 i Q 1 1 d L. -v 1 I (_J \ Q \ <n r\ j*V 1 

P ^ ç- ** 

.. 9'bLU.I ^IiL ill i u^-uajJI I^jl 4^-^j jJ . Jl t^SL <*JI I m4j^jL5-o^ 


Hewitt, P. “Figuring Physics. ” Physics Teacher 28 (1990): 192. 


4 .*.".*.111 in» || (l) 

ç. & S 

\ tS'iX 11 (J_fiLxul (j-Q (jnLJl Pj-uLlII ^JLlT> J-u^IjJI jOLS .u jjua j (_£ji5>Lli llA (jAalHll 

plll jo (J-u^ljJI ^Ja-mJI jAc. 4_45>Li_jl jLiu (i_j i) j_Q ^jLlJI pj-u\lI jLa_<.u jLl ‘(uj i) 

jdu 4 -Lu^IjJI J[ 4 J. mj lluj . jOlJJ (J-u^J (_^ (j -^. (__>) jLull jljj-ol J-C. (_^.) plj-$-llj 

. (-4>) 4-LuQ.il I i_ jj^ 4 L> Q \ (j-Q jI 4 (_ 2 u) 4-LuQ.il I pljj (j_Q 6j-OuLi-a p 1 ~u 4 uLj P j-uU.ll 

. J-c'J 4. i \ a\-q L^uLj 1 x 11 j Jjj IU t (i_j) 4_LuQ.il I (j-Q J-C.I (_4>) 4-Li.O.il I (jI 
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j\ * ir\H *fl"iII (V) 
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j L"\ C J| 11 r\ /7| 1 1 j Q d \ / 11 \ I t, Q *m^*\ 4_^_j I u ±.1 1 Ci 1 \l\ 1 1 4 111 J o . ç. . * * j. 4\ . 1 1 j.1 1 

■ ‘ 'Q jjl 4-3 I 1111,1 S_)^-LC3 (J-C- 4-0J) 111 fl 4 Jju O m 111 4-Sl Jiltl 4 \ . M JjLxj ^JIIA m 111 S_)_^-LCi 

.jjno m 111 j L.0 \ i. \aSj \ ol I jj-a Cj^LiJI CiL\-o 5L1I p I . * Lljl Lclj j 
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720. 

_ “Imaging without Lenses or Mirrors." Physics Teacher 27 (1989): 
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SiiiUI (A) 


p j)-uO-ll i '-lc' i O-S j 4-jl x i 1 4_oili-o ^l ç-\ J^_uj 4 -=*.jyi 0 11 S^liLlll ^ J.l> 

i£_il^JI .(2/-*-!! ^[ 3 -^ 1 _ x \ jjj 4-iiX cJj^ I /n ll^ SjiliJI 4_^Jls 

. I ^ llc. i*> Q 1 / n 1 1 Ç. J tss 1 1 A U 1 A \ \ d Q !/> ! I £ , \ tS M g- 1 i*> 1 1 Ç- l / 11 1 1 4x. 1 \ i-> 1 1 
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c-j . A11 CjL uLL jljI 4 L <nI j_j 4.0. i.0-~s.' 


Si . 5 

j j^IL> cj L.K-11 6 cA i3 LaJj jiL» ^ ‘—* Lq j) 1 x 1L 

.g-ljJ-UJ-11 i_SjJ^.'jlLj Tl L~S-I I jA-lNl j^jjJl (j-o 


SiaLUI pllax (<\) 

jpsl Ij _L p!L x Jl ij-fl-u . 1 is\s I pl \AJl J_u^s j£.Lu_i SJLLlJl g-1 L x a .^1 :j-& i_jIj-U1 

plj_ 0 -~\-ll Çj-^-J 4J3L2JI j_Q .AjjLI JJa-LAU pl \ AJI J_U^S J j_QJ * plj_Q--t-l I C.L-sJl J-S-Jj'JI 

. S J-w--w- 11 J^-lj 

Wald, M. L. “Windows That Know When to Let Light In.” New York Times 
(August 16, 1992), p. F9. 


zy* 0 *) 

LLoj 4_jjj^ jkll Ciljk-3 Ca' ii \ 1 l'Jjl -4 l< /nl I 6 J-4> 4 x \ \ N11 Lo^_» J-^-J JLlS-> jk dl-liJi 

. ç- 1J^J Ij g-LLI (jA_i *Cu. ñ\ Q ^tkii J^ j\c. 4_U Lclj_q 4_u-u * SjjJi J ~*.ju IjJ t £_3 IjJI J 

.J-oKll JJ.UI juL^I 4JU L§ ^-kxuJI j-Q p j)-u\ll jAx j ^j2^_i Lq LojIj iIujLj 


Ç£_T^ " ) 

J| ^ sTj.1 jljj-s jl l jj-H9 Sjj^=JI 

g-ljj i_U-mJI jl 4 - 3 Lu.U*JI 11 i-~J-~lA-Q j)Li (J_Q . 6 jJ)-U*lll 4 u^.jJ N A * 6 jl J. 0 Q (jL^ 9 ^ 

ifi 

.ULfl aiLa cJj LxJl IjJj i Jl, 


Derman, S. “An Optical Puzzle That Will Make Your Head Spin.” Physics 
Teacher 19 (1981): 395. 

Holzberlein, T. M. “How to Become Dizzy with Derman’s Optical Puzzle.” 

Physics Teacher 20 (1982): 401-402. 

Wack, P. E. “Cylindrical Mirrors .”Physics Teacher 19 (1981): 581. 
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.LjicJI C- 


Aj.a.lUI cLJ^JI 5 l ja (\ V) 

(jLfl-uj^jI 4_>^lj .4.1.0.1 -n-II j omj l_£_>^ 6 JyLOujj ^I j^-uu L^J 4 .lO. lA. 11 ijjjJI s b* 

(J-C. JyQ t jul^-Xj'JI JjLuJI (_£jj jL$ill CxSj J'JL.J .CjLjJ Jllfl J cii'Ju Jo ^jl jrLJ 

J-C. (j-o ljj*JI j)uL-J»_i'Jl (_£jj (jjLuJI (jLs tSljll 4 JLq[ iJ_Xj ^JjJJI (3 LqI .^tL-aJI 4_xflJjk. 

fi> p. 

^Ja-aJ l J-C. (j_o (ju L_3 Lj I Jj^.jj (J lj_i . jAkLo jLC. j_4>j c ^cJa-uiJ I Jyo ^-o Lo*J I P jj^J I 

fii 

J ^JH*\ JLxll cj .All | jjl) lAa t I 

Jones, E. R., and R. D. Edge. “Optics ofthe Rear-View Mirror: A Laboratory 
Experiment." Physics Teacher 24 (1986): 221. 


jjiOr) 

Lu 15111 çjl/7»II (jljJ*JI ^c-ij-o (j*J ‘j%^2».'JI jjJJL j^i \ c \o II jju cjLsj'J I i x lcl (3 ♦ LLx^. 

(3 C "*■ju 4_jl 4 n\ £b jJI jdj Lo_oj . j%A^.*JI jjJJI CjL.jJ (j-Q Lq 4-^.jJ ^_Ljlj 1 v\ v.cl jrs_> 
j.-s-i jc. Llc.j.-LTi £>JJ/jA-sJI 4 -q jJ-V\_o-a .Lj*ilcI (_^| jVljJl c__a_>_LJI (_§ 1 pj_u^ J LjjlI 1 

4.l0.l0--n- 11 jljJ'Jl jc. > q < (jl »__a_i_LJI jxi 1 iol jyLo_i jLJ ^(jljJ'^l (_^l jl-iill jlc. jj!^JLq 

ti 5 

. (J^. LO-0.11 1 ni 1 ^jJ I — 4 J 1 X 0 11 P J-u\ll dljj ji - 


oi^J (' 0 

4J^I J^l O^J JjjSllj j-c^^l j)ljJ'i!La .4_f.u_0-j cjJjJI I \ 

Ci-olj Lo 4_djl jljJl^ L^-qI JjLILujI j^_oj p-j-lVJJ (jljJI 4o'!Ju (_^La .frj11 6J i~*.jJI 
(j_Q ^s_\j_o (j_o 4 a \~\ </V\ (jLxj ^ cJLJI (jjJJI (jl ^ \ x <\ \ t jA x j (J-C. 1 (j i^»j 6 J_ol x j o 

4_JjJl 4o'jilJI jljJ'Jl ^tuj-o ^Tu> (jl Sjjj-v^ (3 (Ju-oaj lilJLi Ja jm u_\.Lii\ Lo SjLc. 

(J^ Jyl tLo Jj^. (J| J Joj-uJl lj-4> (jU •jljJ'JI (j_Q (jLs-0 t^jii jl 4(jl_Li £_U)jl 
JJ_-n-\ (j_o J4 ^lO (j_Qj .P j_iiJI j--s.\ fcljuu (j-oC. 'Lia 4_flJjok_Q 4_\L_j_uj I 4j (j/^>-s /n 

ç. ç. _■ 5 

.4_Jj'JI jljJ~J I (j_Q j—ucuflJI 4_xo'JJJI 4c. j_q -n. 11 l_^_fl_u 2 i jj p j_u\ll 4 \ \ x o Ciljj ji 4 j'Ju 
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Feynman, R. P.; R. B. Leighton; and M. Sands. The Feynman Lectures 
on Physics. Vol. 1. Reading, Mass.: Addison-Wesley Publishing, 1963, 
page 35-6. 


a e.j U a o iLxiLa (^ 0) 

u^ uA" ub^' ul4' '-S-' ui-""' t u- L ^ L " u^ ^u jJC» 

h ,,NI ^^J-O h ... r M \ 1 0 j-l^| 4Uh.jUi plj-oujl Jj'u'*-" U^- (Jua^LU Ç-LSjjJI 

jluLol J_C 4 u_UlL I o I" L r jl \*J| jJ-aLa-o jj^-i ,jl nill jljXol J_C 4_a_ij*JI 

• uJjil . uJ-i.ll Uil_)_JjJ 

Friedman, H. “Demonstrations of the Optical Properties of Diamonds.” 
Physics Teacher 19 (1981): 250-252. 


jAu^l f- jjAJI ^ iri •>,") BjLcI (M) 

<J_UC_S (_^JJI JJ-LOjJ.1 j-0 __J jjJ l_i “' •* 1 rsJ IJI jJJ-o'JI J a. \ II J_C. 0 1 o -V t I 4_Ui_J_*JI jl-0_3t-i 
p.|_uL_i_l 4Uj_ 5 jliJLOi-i SjJ-ucJI JLiiJ_uil Jai.1 j -0 j^-O -1 jilj -l_a_i -4 ll J-iJI J C.J i-cJ I . 0 \ h 
• 4jjiil oj uz II 4_a_Jul j-o 4 x \ g. a. \ -lL»_i j \ i*JI cj_ucJI 4_iJjJ 4_i_uil_Lil 4-flI miI 

MacAdam, D. L. “Newton’s Theory ofColor .”Physics Today 38 (1985): 11- 
14. 

Pregger, F. T. “Recombination of Spectral Colors." Physics Teacher 20 
(1982): 403. 


u>'jjA9-o 0 V) 

JJ_<IlJ_Q (j_Q Ç■ J)-uAll 4_3 Lu.uI l Q \ U. £_XQ-^_i IJ. \ X J jl jljJ-UUJ_Q \ A"i /ll \ Ij-& ‘ >1J-'N-ll 

Lxqjj 6Jju^.j_q ^ 4_AJ) 1 * 11 6j£_qJI 61 pj-uAll 2 _lSjJI (j-tAjl ^Lat-cuJ 1 

(J-Q 4_>jIj!Lq 4_3Luiul (J-C. Ijji pljj J-Q ^ J-LI (J ~S. \ JUJ tl_l_J-lj^_lJ .,_ \Tlv 1 1 j_Q JjJJlII (3 ILa 

.(jAi1 pj-tAJl j-Q £_l3j lA^-Ij ^Lslxu J_c ^ t^jAjjc. jjJ-o ^Lst-cu (3 Sjj-^jil jljJ'-ll 

. (jA.nl P J-UO SjJ_uC J_C 4_*Ju^l LCLj-l S jl_cJ j_Q 4-JuLclLo dsljj-uuJ-Q 4_3 LJjI ^LLALuu 


m 



•L>a1! i_ 






jñjall (jjj iAI ( N A) 

^jl_£j ^ ^j-oC L$-J jJ jj^ 1 /n — t— xSjJI CjIj Ij-olSJlS — (j'-*JI j*J LJ* * * * II ^vuA) ^j^-jj 
IjjJ ‘ 4-3 Lul 1 j_Q j-SjjC 3^-^ * JAX. jjSjrlJI SjJJ jj^» ** /n SjJjU"J 1 jl ^JJLOJ jJh^JJ 
3 <(juLu/i!lj . j-IajJI JjJaj j-lajJI j\^-S (j- 0 Cl^ qa /n^k^ 3 j'J lA a 11 (JJj_lcj ^-nuiii 
JSjtIj ^jSjil (£j^sw\\ jjj^-11 jc I^ i* * £a ji -II 31 ^Lkl^l 4-»_<iu'Jl jLs jJ^jJI 

. 6jj 11 j\ /ii j J-C. 4 -3 L-lu*J1 6 ■_ a J £\ x \ /n IjJ t4 \ ñ\ II J-C. 

jjSu 4 jjjJ 1 JL-s-o ‘4 -ilIo 6 j^-S (jjSu jJ 4 _jlxS jJI i jjfljJI djlj oljUiUI JJ 

S ' $ * 

J_C P JpAll 6-Ui Jij ^J j-oJ tj'-*-ll 4-liLa jC. 1 JVjS Jjlaj £_lSjJI cJ-CjJLs . 4jLjl 1J Lfl-CuS 

.jL^. jjn-> 

PJ_uc ^ I-iS-J. III I J^J jJa jC jJSjJ I juC^ 4 J U. 3 4-»JjJ I JA AU^J l i'iV-OJ t «iil j £_x>j 

, ■l~n_^w-> Jxujj jl ,j_q (JU3l1I jjjj (JaS-aj 3-C Pj-u\ll 6 J-ti (J-®- 3 *- 3 Jl'- l ^-\ tlcjhi tn J_<il 

.^juCjJI jjrvil jC 6 J 1 \x \ W 4 _ 3 Lu.u*J 1 


Keating, M. P. “Reading through Pinholes: A Closer Look.” American Jour- 
nal of Physics 47 (1979): 889-891. 
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dh® (dlc 


Mathur, S. S., and R. D. Bahuguna. “Reading with the Relaxed Eye.” Amer- 
ican Journal of Physics 45 (1977): 1097-1098. 

a lUkiAjut oljllaj (\ 

. 4 I I j-a I j £-Q 4 4 \ X \ \ hi ^ I j J. "wn 4 j'vujJ I 4 _oj I J 'jlA j_Q 

jjTwii S J. \ x \ II AtLa.*JI j-q iJjJ-xJI (jLs ^JaLL. (J-C. 4 (3 -vjll ^j-ojJ I 4 _ojJ_ 3 lJI j_Q (j^-l 
4-jl_i_JJ 4jjji L$jI J-C. 6 J \ x \ II /n Vjl £t_ll jvll3 J_Cl1 .Lq 4j*jJj 4_qj_s_qj ((4jL»JJ 4_\jji )) 
!4 jL»JJ 4 x ULlu Cul^ /M Vjl ^yl 6 4 _JSj*JI (j -0 J-cj'JI i__jjL~n-1I J-C. 4 jJaliJJ 

iXol x"\ \ ^jl jvuJI jl ^ALs'il SJ-4 >Llllqj 4_l^LLJI 4_cllll^_II 4jJ^-Cj_lll 1 I JjljLlijJI 4 4j_oj l_llL) 

.4j*jJ £ 0 + 4_jj|jp |Jj5j jj^j La SjLcj 4 jA> i J_C. I (j L^jj-ujJC. i _jLL lClLluI JjL&L^jI 

6Jj*.1j (jAX. jJijJtjj 1 _£_l 3 ^jjI «IjLaKJI jvr\_o )) 4 jjXj ÇjI jUalll J_q (_£jjL.I jj! 1 —Llo jj 

.4 i jjLlll JjLij'jll (3 4_JjL luJI J-q ^jlILll p j)-u\ll (jajjjlJI J-a 

Hodges, L. “Polarized Sunglasses and Stereopsis.” American Journal of 
Physics 52 (1984): 855. 


jLlaj^II 5dA (V ♦) 

ç-1j_oj*. I^jjll pjpAll 4jAjjd_11 Jjlj 3t jmj mll ^I^Jl 4 j'Jj 4jjvujJI (jolJI lJ.LLcl> 

4jj^_LlxlJI 4-3Ll5LJ 1 JjLstJ pLijjJI JajjLL-oJJ 4 h> mll 4-3 Ij 5L1 I Jlul^ U[ .Ç-Lijjj pIj-JJlj 
4iL£_11 6J-& 4 h) Aol JJ (_£j1j-11 J-L^-flJl JJjiJJ_LL) 1 (j \ \-S 3 41 *\ C- J-flj jl pl JnA^lII .kjU-Jl 
6ju^ 4-L^Ja-uj 4i K d-tLoJ 4 j jvujJ I (jotJ li . j-1 I JjJ-d I j I -\ x n (jjjJj 4_LaJa_LuJ I 

.p-LSjjJI iajjLAll j-o (ji^u l - ' aJ 

(Jta j X -\ 11 JjC. J \ A \ (j\_3tJI jjjj (j*J J-A-l I 6J-ai J-C. jl_L(Oj'JI S J "*■ J-QJ_3tJ l_Aj I 

.(_£jV4^jJ1 jj^k 11 (j_Q 6J3t-\a (J-C. J^ji ^uJI 4_3t_ai'jjl dJj (j_Q Lu2-Lk_\-Q 4 LjLlllII Ç.jhAII 

Kruglak, H. “Another Look at Visual Acuity. ” Physics Teacher 19 (1981): 


552-554. 



-Ljudl C- 


jjjJ JaLaj ( Y N) 

u ' (iñ \ j\ulu jj4j ‘«JaLSuJl» ^-o_luj 4.lL_*u 11 jjjJJI 4_»_Jul j (_£jJI (jJJJuLl J^-ojJI 

S> p 

oliLLLP £_L_fluj du. /7i \ \ ^jJ 1 jjjJJI g-4-O.ilLll 4_a_iu*J 1 j\u jLljjJl 4u 

6Lu*JI (3 L j~s-**l \ JaLfluJl J~~ua> Culjj (J\j_jLL1 JuL j-~su lJ-luIj dL jjs. Ijlj .4 j_jLLo 
^jll o jq^ 11 ^L-ojJI ^LI Li'ij-c. jujj ciul 1 jfl s .jLjJI jL^-s jo jjLi tjHmJJ 
jhuJl (JljL 1 ~L /n*JI L! .ilLn J 4 ^jjsJ jHmJJ 6 L_j*J 1 (j iJ j~s-**lJ 4uLj 1 ( 3 *jS j jJ_u 

• ( a (3 ‘ 1 13&Lul (j-LLfl-j ij cJJ Ja 1 0 *j 11 (jj_/\_S 


Caristen, J. L. “Laser Speckle.” Physics Teacher 25 (1987): 175-176. 
Walker, J. “The ‘Speckle ' on a Surface Lit by Laser Light Can Be Seen with 
Other Kinds of Illumination.” Scientific American 261 (1982): 162- 
169. 


y^\^laJ\(XX) 

j_o~y*J 1 g- j-uAll jILlo jaib jiiLj p! <A j j 11 4ij jJl (jJ ‘jo ~s.*Jl R \__Sj-H (_^jJ Cul 

pj^All ILbj tjo^.*Jl jjjTJl ^Ji_j i ijlS-11 R i Sj-^JI 4 mLj (_^JJ1 <4 -^.Lllq S_\~*j JU 

jJjJjJI ^_is jj •jjj'JI B u-Sj~s.il ((SLL)) (_^jJ cJjl J-U .j-ouk'JI ^lujII j-LC. J-OJ jous'J I 

Sj-uuJ j^ljJI jjLjJI IJj5> (_£jJ Culj j-o~y*JI p j-lA 1I j-o LLil 'TjIs IjL (jL-Jiu jjj^ll 

.pLojjJI TsjjJI j_o jo~s.'JI ç j-lAJ1 

Kernohan, J. C. “Red, White, Blue, and Black. ” Physics Teacher 29 (1991): 
113. 


jjj'JI Ç■ j-u\ll j*J t jLJjL-o jL~s ~s. L-frl 4-UC. m-s 11 plijjJlj g-lj_o-~s.il jLjj-u~*Jl_S . 
jj^jrlJI Sjjj (j g-lijjJI SjJ-u~J 1 CuL I jlj .'Ju-is j-\^l Ljlj j-\_C. juxJI 4 L mlJJ j-vn*\ U 
6J J_uuJ I j ^ L \ /V \ j-0J ^ (_JjJ-flj 4_L_UjjJ I 1 Q 1 p I j_Q^J I 6J J_ujj I j^J \ \ < n 0 t d \^ \ /7i 1 1 j g. 

.'Ju.is 4 -ojLc. Lojjj t'J-xis jLI g-lj-Q-~s-l I 
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cj 13*^1 dh® 3^ 


JflLpJ.1 çy2^s\ J (V£) 

4 _S^)_aJ I Jklj Cujj Ifl ,vll Çj^-k J ç\J -lu cJ_ou'J_Q (jl^-ll 5-i-U t CTj l-~N-1' I \ lc. I 3 

jl ^-Lu j^~s.\ J-C LflJlLk_Q Ja_L^JJ Ç j)-u\ll 6ic^ t ^J-U-O-luJ I Ç-J) lS> (3 g jLnlL 

4-Ul_aj-Q (jl s 5-l'JI J-i-U iJli L~N-1 tJnJJ^-LI Ç J)-u\l I CjU'JHj^.I (j_Q (_ynlA-L\ £»t-L 1 / LA-*-1 1 4_o jJ\lq 

.4_ajJj (_j-s_Q yuLjJl I J-4> jjC 4 J jJ\ < 11 11 4-jj^.^Jj) \ n\ 0 II 4_d'Jl (Jljj .Lu^jiLj 

Lj'ijJ' J>^ i&n (vo) 

.£_Q_ajJI 4JU (3 4 _.lq- 4)I LgJ (_)^-iJ (j^J t4-jj)^)JI J-^J j)- 0 4->l*ll 4 _q^_q S^)j)-unll j)j4 _jJ_q£. 
J> cT\ x \ LlA j)-Q ^5 .Cj j u~\ 11 Jj-kJL 4j^)l_fl-a bj\*. i/~\ J-ur>_) 4 _qjJ-iuq jj-o-uku ^-o-ajJLi 

. Cj 1 ^L I Cj Lq _\ 0 Q Jktlj J-C *J ^_j-Q jJ I O 5 Lill 1 J-C £-Q_OjJ I 
jj)-u^JIj .Sjj-ucJl (jj4 ..iLqX. u_xlkjJ L^.j'J Jjjb J-q 1_\ \ 0 x"\ jlkl 4_iJjJI J^J 
4 \~\ nil 1 jI 6 ja^-iLI ç j_ucJI 4_»_Ju I j . 61 jj LnlL 1 p j_ucJI 4_3t_Jj'J 4->jj)-kll CjLi'J_3tJI J_c -LoHjlj 
4_3lJuI ju ku Loi-U-fl .4_lLuc'Jl 4-JjJ)-kH CjLs'J_3lJI cJ.Lq.\ i_i_3LJ ^J kjljJJ ^k^ll JkmJI J| 

J ç- 5 P it! _ 

4_3t_a)l X I \ t-kaJjlLI 3^9 . 4-U-aijJ 1 Li^l^kl^ L^-jLjsL^ul _/\_i_J L^_jLi «Lj^JjLI J-C ç j)-u\ll 
5ljll JnsUi-J tdJJj J-Q (_y^lLO.lll J-C .l_U^)-Q ni*\ II J\ tS\ \ tÇ.im.1 tl <A X J l_^_uC-3LJ P J)-U'*ll I 
4_> jljlll 4-3 L-oj'J1 CjUL^jI J_q J^ J-^- 4j^J jJl 3^5^- p j)-u\ll jn^ 3t j 4x.^-uc^JJ 4_ij) \ mll 

.4 \ mLlLl Li^l^kl^ 

Ferguson, J. L. “Why Can We Hear butNot See around a Corner?” American 
Journal of Physics 54 (1986): 661-662. 


CjLlU_q j j_Q Lo.L.O-U li'JJL^.I LoL 


fLxayx\ j&\a ( Vl) 

Lko-j L&J^i-oj (jic J£ (jJ ' ,><v II juLJI j-^_kj 
j (g hl jl (_^JJI jJJ Ls-O-S t_fl u\S"\ (JUlII 4_uLj!j Lljjj 4-gjdAj x j11 ç j)-u\ll 

t^j_uj-l'JI ^^J J-C- Sjj-^JJ ^Lio 11 cjLq'J_c 4LU 3 3-^*I- 3 s_9 -^LukoLI 3 ,y> 3^ 4j^ 

CjI _/vlLlJI 6 J-4j 31q . J_3t_aJl J J-3lLI 3^^ j) 0k\ L^_jkj CjLq'J-3lJ1 6 J-& J_q CjCJlJI j (j 1 a \ 
4.iic auo-U (jojj-us (j-Q 4 -CjJ_uc-q 4 q <nn q 6jj)_unl jjkojj .4 _IaJ-q jjj)5>-\ jl j^_o_j 
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•Ljjc!l 


jiW.ll j-Vc. jLjLj'il ljj_u^ ^lVlj jl Lq.>-cl1o Lfl*ii Vl tjW.Q.lVWo jLLjjljj jGkflji-o 

.oLtCxajil Vjjjj ia_j_)j-o jGilll ICjJjj j-~s-ill (J_C. l_£jil 


Hulbert, E. 0. American Journal of Physics 15 (1947): 279. 


oydi (rv) 

i££- 6-° l 6>^1' 6^ (jrM' Ji 1 6^ c 2-*-II 6>l ^jl-A; 

Li*bLkJI CjI jKjJ 4 h> ml jj 4-iK CA-*-H jji JJ-GL \ .l_£j|j 4_jj2kjcil jjL.ljj jj t^jjVl 
— I (g V c 4_i_i_uci I J_c ^jLVl I (g Kj i 4. ii 1 L>*i-Al I ^Gl 1 4_L LcJli I 4_i_*_i_uci I 

!CajJI jjl jc jiVill jA jlj — 

tdLics 4. iLiI Li'JA-ll j-KjC jlj LoKj t4jj*.jjl!I Sj^-j-o j_c * j-tA.ll j■ K a L> 

jji j jj^j jlj-umj plijjilj Ç'lj%A^JI jjill LL^-jj .Lclxxcj 4_qL1c jlKI jjiil jLuc 

6 Jj^. j-q 4_LV_)*i_iil L) s jLiJI jjKj jl i _JiVv.> 4_u_JI jj -\ x .11 . 4..il.u*J-j-ll Lcj-Vli jjJlLq 

4_i1_u*J_lq Lj*JV. JJLi ^-£jji jjK_u ^i 6J*ijil jjjJj^. j I Q I .4_u*j_flil 4 _q fl q cJiK 
.cJLlc Lj*W 1I jA x j J-fllLl j(j /7il 4_a_uVi jj-uAc ij jVl t^jLjj*.jfl 4_Q_lfl_Q 

i i um 4 j_}jj j^i ~L nilI I jfl> LuC. j Jjj j tC jI x v 11 LqLoj jfljflj j3_Q*iI j/->-L /7il 1 

.4 K w7ill Sjj^jll 4 j j_q _iJ I 4_xCj*il (J_c j_Q pj-cVll jjlK_ajl 


Yulsman, T., ed. “Eye Color: An Optical Illusion.” Science Digest 91 (1983): 
92. 


ayujt^ jxujLo (YA) 

cdjil jfljjj j iAjlLI j-q jlj^Vil 4j^.jiji 4-ljfcLuj 4 x K■} jc 6jjLucJI 4 jjIj^ 1I 4-flLK.ll i x lcl 

jc *jjls jflj J Jjj CjI j 4 \ m \ KI .\ x qj j-^K 4_fll_K j-4>j VIj-ojJI Ç.cVl Va_iu*i I jjjK jc 
t^_u.iKl j x 11 ^La-Cj^ii SjI j_q-q jjKIjc jjLxilj .^jjil u-ajKil j-Q j.q Vil pj^JI 

I ^ q 1K \ ^UI pIj_q-~n- 1I ç.cVl Vx_Lu*il j_lA 4il_3LS Lcjj juj*Voii ^jjjlII g-*j_Kil j_a jj IjJ 


.4_Lj*.LluJ 1 j jjlII 4 x Ka 

j_c VJLjlII SjJflil ^jljkll CjIjjI ^flkl Sjj^jll 4jj I j 1 1 4jj Lkjj I uflkjj 
ÇcVj I JM<C jj^.1 j_Q Vauflj 4 jjJ_3lq 4_flj_kj 4_uc LVll ç-Ij-ojVI ÇcVj 4_3ui*iI jiKC 
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jl$J*^l j-® (*JLc 


^cjj-LI (jLfl j/'S'S. nill (Jjl^. 4_jjllajJI jJx.J .(^j-CuuJI (X II J.-S.1 pIj-oj^JI 

j\j 6Jj^jll 6j\-*-u^JI çJj^JI 4_fl_ila Ja-fl-a- \ 4-j^uu Sp*J-q j_C 4 X.j-uCi jll 4 -u JjlII 

4u*jjJ 6Jj1u 4 Ls \ -s L , I 6jlj-^JI CjlufcjJ CuU jJ 4ul x 11 4u^lj ^uuLUjJIj m- n. II 

. J-ajsuJI 

*dj^ in a n jjl agjj p L o -lu JI (V^) 


J-ol_3»JI J-ilj mi" jl^ jJ flSjj j-o *J-U 4-iuo- 




pLo-luJ I (2jUu (j-O 


SJ-uuJI 4J (_)ujJ (^j-^Jl u-SU-iJl j-c^ljJI jjj-q_ccJI p j-u^ ._j-aJl ^u-oJi^l Ij Jju^jJI 

CjL^jJ jLiaj (3 (j-t^ o-^ Jl ^J-uu 6_ui SjjJ jLfl IJ-4\ (j-Q ^JjJj <(jljJ*JI j^J 1 (j *\ \C 
^ Ls JJJ JuC. 4.\.'\_Q-K 4 u^.jJ '’l * * * 4_iJluJ l 6jlj--s.ll 4 j^.jJ £-q jjl jjj ^jJI J->A -S.'JI ç j_u\j| 

jc. (_J-5u (jfcCLO-CuJl k__SuJaJI (3 ^ J <nfl \ \ ' I Ç . J_u\Ll 4uJl_OUi.'JI 6 J-LuJI (jLs ^ (j-QJ . JLLO-LuJ 1 

£ 

.PLq-luJI (3 j-Jj j*C (Jjj'ill Ej-L’Jl (j-QU^UJ i^jjj'Jl P J-L~S.ll 4-J1 Q I 6 J-luJI 

CiU. jJj 4jjl_fl_c\ ^ -s. m-fl \ \ II p j_Ls.ll CjLljJ ^Uu 4 \ /nl /11 -s. (jsl luuu£.l <(3 LLs| juLlS 

.4uu*.jJjj-LU-flJl IujjI -s*\ <nl i uiu (j-Q 4 uJLc. 6jj£ jJJ 4u_ou^Jl jj x \ \ IjJ •Jjj'JI £ j-Ls.ll 

®\ ( Y ‘‘) 

juu J-^J CxfljJI tJJJ -LLqj <^lNAV 1 ^,lc jj*JI ^j-oJJ lLl-s-lII cJj j^ jLgjjjIj ^-Lsu^. 

•S&sg — , ** % % p 

jjjj (jl luJjLfl l l'lUcl \ 4ul jii 4ulj_Jl j jjibjJJ 6jlu| ju^l jL^-^Jl !j-& J x -s \ Loj . J J--s-11 
cJ'J-tu'Jlu 4 (j \ \ nl 11 t 3 IJ-~S-11 -Ls-O-S cj jr\U Ll.s \ t jl_guJI Ls. L~S—O jA-lj CjLllU jl I Ls nil 

5 

duju».l (_^uJI i_ jjUuJI lIu.l\ jjj !<tfluLuJI 4 j pLfl^ (jailuj (_J_q_sJJ L-s-lLuu jL^uJl jLs \ <dj 

. C Luuj jJ I I—S IJ ~*. iJ.*iC. £-0U jr\-QJJ J IjJ I 6jj (j 1 (jj JLU-sJ I j jflJ I C luuj j%nC (3 

i ulJ'N-11 JSU \ \ Çl-S-\ cLAjjJI çjj-S-j\ <(jA.ljJlu ^lu 4 \ n) ^ljS cJlu-A (jjLi Lq JuC. 

pljii j_C (JJJ_^U cIjr\-QJJ JIjJI I X lcl (jLl .J-ijJ-O Jii Lo£ P J-Ls.ll j J i/sa jc 4_Ls_Ls-fl_ll 

P-lj-^Jl clujji^. 1 LsJj jl (_L-S-\ IjJ tjjjjJI (j_Q J\_Q-lLq * J--S-\ J-Lu < j^S-fl-'S-LQ Ls S </~S j 

jj-^u .^jjAJI jJ-u~lq (jc g-lJj-cuJI i uljrs-ll Jsu\ \ Acl-s-\ jjJj jrLojjjljll j-S_rv j Ijj^ 

2 p „ . p I 

4-^LcclLI j_C 6jJj-Ll (jjjJI j^ t -Ls_ClS 4-AjjJI 1 sl jj^. j_C 4_s_sljJ 1 CIj\uluJl jj Jj ^Lusu 

j_C pl Jj-mJl ( u 1J-~S-11 j j^j cu .1 <3s S J I (j <j»J S 1 \ (jcjjlusJl j_C 4-S-CU1jJ 1 4 \^fc Ls <1)11 
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pl^^Jl CjLu^u*. Lu^j^. ^jl i_u5s .SiLaJI ^J-C. 4 0II i_ uI(_j-Q 'J-jJ-S lijl 4iL~s.ll 

.y\_xxiLo * ,*\ 4 _xJLjJI <4 Ls m ^lll ^^Jl jLlllLI 4iLaj-o pl J^-mJI 4ilusJl ^j-o < >jrLiu 

4iL~s .\ SjLLl CjLajjj^JIu^ 4_llljjJI 4iLu». ^jc. jJj-o j- 2 »J P^J^-j ^do-ucu i_i^_uj p^i^JI I j-4s 

£_SJ ^J_C. L^u^ji^ tLjaLuu ^Jil 5 ja 1 CjLujJjj^JI 6 J-4) J)^J .J jLjJI i _ uL~s.ll J^_o 4-uUjJI 

CjLoI jJa.<«ol ^Jj-o plj^-uJI 4iL~s.ll ^gul jlLau ^au .Splii ^Jil La^j^u ^jliJI pl^^Jl 
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/ m LI ^LiJI ljjJ>j . 4_uO_ixfl_L I 4iUJL 4jjLi_o 4_uUI iJ^ 4u^.Liu_q S J ~s.j (J^J ^)j^l 
JjLu CjI julu Jj£. 4u^uluJI SjiJI 4 ~vlj_o ^ ^UJJ 6L~s_>*JI ^ CjLuujJI £_SJ 
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jl 4jO.LLi j jLojjjljil J_iJ-L i j_lj_Lo j£. JJl^LlLO J -- 1 JJ_jS jJI Jl% j^Ul_l 

4^jS aJjJlJI Sjljja. 4 j^j.J jjiiS Sjljja. 4^.j_J *i!jl jLojjjljil j-. -L mi~ joj_Lo j£ 

< .Ao11 ,_uLoJI j_o LLiis _jjol -sjuuLll i_ljLoJI LLjlo—j jl jSjil Jj-o jupljja.'ill *-sjyi 

LuJI JIJ i n 11 j L .I^ 4_flj_*JI SjIjja. \S-J ~J * 11 4 .... H| 4.iLojl1I 4 miA La_o 4JLi. 

. ^ JjJ^LfljJI j_0 -iflji 
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(1983): 584. 
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Physics 54 (1986): 490. 
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La_i__^^ 4 J 1 '" 0 .**>! /\ \ /..^ _Cu-^u i^Lu-jJI J_c ^ya ^^u_i CS^' 3 II Jaj^JJI 4JLa- (3 

1 4_iI 1 1 11 3 S^ ^ '^lI a. Q 11 \ \ ^ Lu^)Jl^j Ja 1 I (j-l-a J LflJI laL 11 JI_LLoI J_C. 

çLLfl 1 O-La. 1 ^jila Lo_i ySt Jl ^j- 0 a-fljI J4C j o'" 1 •" J5LI I' _rfluaJI 3H J^Li 

JjLij J_o 4_i_i_3ua ^J^ul ^ua^ _UC 4_i I imo jLilj Ci_lc—a^ .a. 0 11 J4C Sjl jLu jLLauuj iç-lj^JI 
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141. 


*Jlla ST^o^KjuI (YT) 

<-' S ç. jg „ „ ^ 

^J_C. SjjLS Slj-o gt-TlTl ^jl VJjLslJI jljllj fiLuJ_S_tl jljll 0 4 -JjLlLo CjLsLiIoJ ^j^-o_> 

J^J jJo Jjj 3 b (_^Lj 1 (3 v lc- JajLtuJI P j)-uVll (J^ ^Lj 4 > ni ^J_C. jnl >J ^jl 

^J-S-flJLj Jj)-Q-~S.l Lj->^)-^ Vl^Lc. jl^-0 (j-O 4-C.J). LuO-l 1 L>I^)J»I^ 4-J_) J-3l 11 U ^il ^J-Lvil (JAJ ^jll 

^Lc. ^J^'JI S^j-oJJ UJliil Slj-Ll ^-jJ-u^J (3 iJVoj-LI J)L~n->*JI Ijjk 

Fink, Y., et al. “A Dielectric OmnidirectionalReflector .”Science 282 (1998): 
1679-1682. 
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i_ilI IjJ j).1lv!I * ^l ti_ x a^v.o jtLq (JJa^j Y,Y J )-~^-* jjjo 

jj-Q J^l 4_OJ-flJI (j^^-J (jl (J J). L-CO-S- \ jj-Q (_^l ~\ /7l*Jl jj-Q 4-Lia <lis . (^) ^ 9 -^ ^ \^h <<^>11 

«f - ^ C- 

4-i Jo^ 4 .C.^j-ujO jj-Ç*.JJ-I lS N 4_iJ LJI 4_Q_LflJ I ^J-J uii_i jj_Q 1 1 l\-_QO ^oJ I j^^kJ I jj-o^ ! jAU-Lfij I 

p ^ p J 

I_\ 11 jr\_ll jjl^ iLol^jj^. YA J^s-j Lk^jIJ ,0 Q 4-K l_^J Ç-I^^JI jj-Q IjrLl YY,1 (J^ jjl 4_3 ^j-JCQ 

.JLl ^ * * * J-£ c£j^u Lh® 


p\#n (V) 

c.J% NA ^uuj-^JI Jjj^JI oU pLII oLujj^. Jj^l iu-sL^JI pl^JI Jj_q Jil 4Jj^ uukjJI ç-I^JI 
uuLuj^^ <YA ^Juj^JI jjj^JI CjIJ (ju^j^^u-JI ÇjLuj-jJ\ ^ i/-> 1 ^^jj^.1 CjLu jr*. (J_-»>-q 
jj-o^ iCjLuj^JI Jj-o 4-LiC. JJjJI Lc^J jjjj.L-s-11 Ll^ TY ^u_jj^JI jjj^Jl ljIj (j\ -t /n^Lll 
4_Q_lS (^yii-L -1 \ 4_fl_uC Lc (_^l i__jljrLsl £-Q JjJ .jrLo^jLJI &P jji jj-Q S-LlljHll 4_1 ^-Ls^jJI jJ-fl-J ^O 

. jPLq ^^jLJI k a <<^> 


ja jiaj (r) 

(J-C. S Jlji\ plj-^JL 4_u^LkJI ji-kll 5^i (j| !Jo-L' n- 11 (JJa^j Jj-Q Lj^ (Jiol (jIu^jJI (Jk^j 
iSo^ ^ ^ ( P l?4-" i| Cr-ILJI 'jLj) j^" cAj-i' JLj 



frbjAflll Ujbx 


j. I ( gjJ-flJ I (j (JU^ I jJ) jlu jJ I j-Q (jL J j)C jj jj U 4 P) /n IJJ L^ll J l_3t_Q 

! I4 l*\ /nl I Q l^. Jj 3 l_4> . J jJaj LkjIJ.fl oj SpljiiJI 


Hewitt, P. Physics Teacher 27 (1989): 112. 


j£L«dl j jl^ll (£) 

Jl i_£>U jij j jlOJI £-o i £jil 4^ j^*. ^jc 6i_iJjJJsl £-LjJ 1 AC-1 <n"wiij ^^JjJjJI £_Sjl 

^ % S " P 

j_ui ^j >jq jLoj-o (3 j^ n<n Lqj|j 4^_»jJI ^L^ul (3 SjOuLj-o jMI 3.\5v_q.> .^Lo'JI 

.jI_\ x 11 3 (j-cJ j'JjJI 1 ^jJsl (JjLflj LclITo 4^Lq*JI j-o tJJ 4_1 _jI_5_LI 2_>jJI 

Bradley, R. C. “Problem: Sailing Down the River.” American Journal of 
Physics 64 (1996): 686, 826. 


JjVuatl fi^Jl (o) 

^.LojlJ 4x.J.LI p-lj^JI oLuj^-S . 4_> LxJJ i—Sjjii (JJi (3 (j^J ‘U-& 4^_x_i 

4_->>_-n- 1 I jJu . 1 fl~\Cju-J Lo ^ 0 1 -*■ i j_o_j 41\C. Jujjj £■)jJllI J_uCi_j j 1 4—\-rs-\ 4_r*.jj-LI 4 1-^ /nI jj 

4_sLuo'JLj 4 4u^.jjlLi i4jj-LI i £jil jl ^t-usljJI (j-oj .^u*.jll Ao Ij_lo 4 \ niLLfl-lI 

.LfllaLo U1A> jjL^uiu 4^1jJijJI (ji.3j 4 j^jjJsI ju jj^jJsl pIj-^JI 

jl) 4^jjll ^.Lol jj^-oj 4JL^ (3 ç-\yb o' cj-° 

f.Lo'JI (J| £_S_L\j 44j^.jj 1I 4-mJj 4 hi /nl jj (J_fl_ud 4uC .juj Ps n)jTo Ç-lj^JI j-o duLi j \~v 

j_o 4c. jl J-fl-LI jl \ 1 1 m*\ \ 4 4u^.jjJsI 4_J| 4u_uJsl i_^jllj 4 4j^jjJsI 4_Ju_\j .p ^_&L^_jI ^u*jj 

4_\ Io x j ç-^jj^JI ^jOui) 4^u*jJl (J-fl_J ^s^S*Jl -L-nJI sliC. .^LJsl 6 L~n_\*JI (3 —R ^u^jJI 

4 a ni.JL) ^u^jJI ji_i_) jj^u ^au (j-oj . — p ^u*jj i— sL-n- 11 (j| Jjjjj ^l j\jjJI £-o (jj-a ^lj-Luuol 

& 

^Liu'Jl 3 -\-2.p &j_La 1 o+j — i-u^jJslj — ^ljviJI ^oh\ IJjj i~2.p j-4> p^j^vJl 

5 o„ . 5 ** P 

^u^jJI (3 j 1 o1 j\ i~\ 11 jj£-j jil (J-C- (jLt-sljJI ^u*jJ1 (3 (j->j\ i-vII £_o-2k_jj .^-oLo'JI 
.^-oLo*Jl 6L"n_\*JI 3 4_iaLu^ SjLjj <—p + 2p = -\-p jj^ 
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j-o jQ d \ol 4 ^ \ \ \U s J\5L 1 ‘^l-^LlLi j-Lga-illl P^jjaJI -1^-ija. djl la 

‘ d \ j 11^ 11 i Q jj U11 Ij j^u jiji-i ILj> 6-ij^j (_£>LJI jjJl-ill Jj?->U *i & _>ll 4 i i n *\ I Li jija.jJI 

.4ja-ja.Li 3j j Aja-i j-o*JI IjJ^ J-a£- 4 \ a \*\ ^_ua^a^ 


Clark, R. B. “The Answer is Obvious, Isn’t It?” Physics Teacher 24 (1986): 
38-39. 
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(ajjlfl II (jjs jUslLo jij (*\) 

f £ , Si 

jjjl_5 j_o .<CxjCi £_3j_o (J-uC-sl (_£jjj \ I(j IL> P-jloll jlIaAlLs ‘O j-vC 

P «Ji oi. 

jiJaJI SjS (_^jLllu ^-"Jl t^uljJI £iL-n- 1*JI J (_£jiJI 4 _LlUj^_o >_> 1 m ~s \ Çju&A t^_jLjJI jjj)-L> 

(jjj J-tl Jl ^i-kll S_j3 .Ji-uiSll L-jjUJI jj^JI L^id La-jjJa^! J-tl Jl 

** e> s 

■ihJI (jj-9 Ji ^JL^i jjiyi jL*JI (jj_9 \J'- a T k )l' oj-J' ‘^ljil ^l-9-S-ll 

.4Jj_o.-\_ll (33^3^3 «jLklLI 4 _xq jj)-\-urJ.I 

J^lj jUlII LOl3 L^_io Ui.jjU_o pJj^JU 4_l^jLLJI jidcJI 5jS (_gjLuu £_SjJI Sji 
.^UjUiJI jjjJI O \ ~j- (i-O jjjUJI l_i'JuUi.l ^-O UjjU 1 WM 1-11j 4-J_0^ < jjJUll 

^tUUU Lo Ji5>J *YA,^V JJi J_~N_ lll L) JJJ (_^J*\ -O _lic P-lj^JJ ^UJjJ^JI jjjJl J^-UJJUO 

. ju^.jjj 11 4 JU (i YT,^V 6jji 1 s'Juj^.Ij 4ijli_o ^jui^JI 5JU (3 Y1 ,*\V 6jli'JJL^.I 

(j I ^ujloj t * , ^ Y *\ = Y*\,^V/Y1,*\V 4 -laujJ I ^j 5> ^j J(j 11 4 uaujJ I ^i jl I Sji j j^u 3 

.jiuijj j\( j 11 Spli^ ^Y,*\ (^jLau £_sjll (3 (\9 v 1 (311 Spli^ 


Burgstahler, A. W., T. Wandless, and C. E. Bricker. “The Relative Lifting 
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Lally, V. E. “Balloons for Science. "Physics Teacher 20 (1982): 438. 
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^h>0II Cilj 4ui.Ui.jJI j_C JzJLluJI (jl^ .(_£jjU (j^cjC 2_U_fl-o 4ui.L^.jJJ jj^u (jl j^-oj 
(j^cljJLll ^jjui Uj j ipLll U x t2\ (j_o JJiu ^-ujj'JI 6L-s_LL1 I jyc. (_^jj1jJI j\a (jucj_aJI 
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J-Jj-J jl 4_il_£u j-Q-S (_£^jlj ^uijX. £_1 ^_£Lq CjI j 4^-L^.j ^J-C. h> x t j>ll LqI . J-£.l 

. jflJI (j (joljiJI 
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£K3Laj jjJ <J (A) 

LoLoj 1 (g oifl > 4 l^s x JL> JaiLuo 4.iiLfl.11 ^ pLllj jJjJI (j-Q (j^l t jJjJI (3 4-ulflJI (JJi-x 


jH/i) pLILi 4_u^LkJI joL>II Sjjs jjl pjJ. 1 jJjj .(p-l^gJI 4-o^Lfl_Q Cjljillj (JjkL^j £_o) 

9 _ . ^ 

. I jO Q L> 1 1 Q (_£^Lujj ^j^JI Ja,^uJl 4JU (J (jSLI u /'JI ^J-C.1 (_i[ ^-^J-flJl 


I oj^ljlLal Jj V, mj jbljLuj (^) 

£J3 I^J I L>> u^>l1 (j (j-Qj ^ Jj I (_£ j^J-L I jj-Q-*J I (j j j (j < (>Jj LuJ I (J Lu^o/l I J_3LJ 

(J-q^-j Lq ‘(Jjl jl JJ-OJ (J-SLuj'J 1 t j> fl h> x < j> ^ 4u^.L^.jJJ 4_1 jLL 1 j)l^)J_^Jl .(jjl ^LflJI ^J-C. 

.^_uj_OjJI 

Arons, A. B. Teaching Introductory Physics. New York: John Wiley & Sons, 
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JjI^xuJI (jljj-c (^ ♦) 

4(JjLuJ 1 (Jj^-lj 4 _j (__)^l_2iJI j)jljjJI ^_u2>_^ ^J-C. Ja_al \uj i_j^jj'Jl j)l SU.U1I (J_lxS (lh° 

9 ç. ^ , P ^ ç. 

(JjLjlj <c J_C^ 4 iss il 1 £ jLujJj (ju^_S 14 x < j>^ ^J-C. j^jIj 4J 4 _ucClqJJ ^ojI^) i_jJjJj 

4.1 iC. l_5 . ^^) LujjJ I cJJ J (jc. 4_2i_j IjJ I (J_£Luj^J 4_3i_S 1 jJ I 6 ^JJ I (Jj LujJJ 4 _l 3 Lui'J I j) Q L11 6 

.(JJluj'J ^^)Lujj (_^l 4JU (^ Jj-L^-J 
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UIjjb d ulm SjLuxi Jxkl j Jiia ( \ \ ) 

h>X 1 n) 1<aJ t^.\ qTwho i^> (3 4 ^^j^_j (J-u^l^-j (jl (_J| Sij Li-ujjl (JjL.lj J \o \ jjj 

\ jjj 4J1_^JI h>»*\ o 11 ^j^-jLkJl ^-La_JuJ 1 ^J-C. 'jLiis (J-C.I Sij 1 w m 11 (JjL.Ij pl^JI 

.>_si^>x*\oll (JuLJjJI 6 L^_j*JI j^-s-j <(jA-QjJl (J| (j^JLjJI 
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Oxail t Sl-L pLU jj (\ V) 

P-Lll tA (j \ Lo jj i 6jvtiLxa ^_jL iujjkJ 1 J-ojJI ‘ Q 1 •**»- pLLl J-o-JLS i ilj-^Jl 

ç-LLl (J h j-o-xJl JoC. P JLojsJjl h»x lAllj .p 4HsLj^ h pLLI ((j_ac.» J^c. j.o~\>j 
(jljjLJl (3 pLoJJ JLqj^.*J1 jlj.oL1j .^jj^JI h>x iAll jj^ P 0 o \ 6 .P = P 0 ~^~ PLJh 

4_fl_jJai 6 . J-uxll (JL^-9 j^Jl (3 J^^^LI pLLl jljiLa p.(j \ *J tJJi^ .4_l_u^ Ij (_)xuJ J-uJl >_sl~>. 

(j-Q 4 _jLj_LI (JllO-j i jJJali J-uJl p. m•>. \ (J-utllj ^3 jLLal N * L^_C.Lil_jjl £_L_j ^dJI 4 0 \SjJ 1 P-LLl 

. J_aJ 1 ‘ i 1 '*•»- j LLa 1 ^ * l_^_u 2 jC. 6 Ji^ 3^3 1 (j \ 1 \ \ ^IjJ 1 J-aJ 1 


eUij^i (\r) 
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^LLl (Jj-J-J .(J_SLaj s JJ ^JjJI 1 (j \ lc. 4 X.^_uCi^L 1 (jl>Ll 4_fl^ h> \ (j \ mj t^jjl^jJI (J \~L J-xu i^X.\ 
4-jjLlllo 4 (j j_a Sji cJ x \ (J J-J-J tJjJLJI (jj^_j_j (j^j li 1 \ n \~%.j tij x \ts *>| (J_c. j) Q P> Sji 

4_fl^ (J| t^JjJI ^li (J| (JiLlLj SjiLll tpLLI (J-C. (iL^Jj'JI (J SjLuL-oj jl_ii_LI 

. J-m^.\ 4_fl^JI (J x \ La jjJjj t(jIjull 


2. 1j ^ 11 5 j-s inll (\ £) 

. (ju^L^. \*J1 (3 4.1 iC. pLLI j 1 J0 a ^ljj 1 j\.\x. j (j La^ pLLI (_^j)*\uj_q (JlS-j 
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Hewitt, P. “Figuring Physics.” Physics Teacher 25 (1987): 244. 


mjj (\ 0) 

jl jjj!lll CjIjGIu (J_fl>L_i LilfLoh jl ^jjl jrlsl .^! Ijifc , ilj-'N-lI 

i w 11 IVi \ — jUxul J| 4 x Lo II (5533 J-c-l j)Q h>II 5ji — (jLLj jj-ojlJI (jG^iJl LlK 

g — Ci 4jjl_a_ll jjjh (j£- ^ojIjJI ^jl jul \ 11 jilLi .4u_)jLGI 6ji £_o jvulj-o j--s_i J-C. luJjia 
.ç-Lll 3 1 ^ x jo i x 'u-n II 4 a L a .LsL-j IjJ ‘j 1 iiufl jm \ Jx: jJlLJI 5 ji j jjjJI 

pLcj (j i-ijJj ( \ \) 

4_sLlLLQ ^ Ll 0 \ JLU hl JJJ J*jl i_L.Cl).l I j_Q P-Lll jlula jLC. JLuuJI j i^jljJI J-^-ll 

.Lfllic. 4-i.La^l SiLcull jLxJa-fl-i-uj jljG.S!l jljLnJlj tj_a_iI 4_i_Lal 
4X .jmj ^_4> V O ‘S = Vt 4J jl_s_LLi jLGJI I (j x ho 1 jiJI 4.1-0-3^11 4iLoil J -1 ~mTi 

SjrlflJI jll 0-1 (Jjl_3Lj J-4>J t^jj-Lll (3 Jj aGxu-II O-Sjll tj ti_ 10 * 1 11 j_q 4-i_Q-3*J 1 ^jjLJI 

H jl joj\-Q-i.l . ^ç-ljjll CjI jGLj J_&L_j ^_o) j^-ll Ja>j-O-mJl (3 4-i j-> 11 11 4- l‘i_o jJ 1 

Ll^u .3H/4j H/ 2j H/ 4 V jilll oLliijl jjll ,.s^ t^Ul jjaG cullJI ^Ulj^l 
(1/2 )mv 2 4^j-m!I 4il_U j| Gu-^—i :ULLJI L>ojjlU j_o j \ ^jji jjlU jlcu jl 
Uh-all ^_4> h o i-v tmgh jll 4il_U j jjUJI ^jLul i__Uil 1 j_a j^jlil jlnil 
^Ulj^!l j_o t j-^-ll Jaij- 0 -ujJl Cxsj j j^_ij .v = ■\fZgh jU Lu> j-°j .plil j-ulj (J-o-ujI 

j\ \% \ 11 j_c. (J_un--s-i i_ jj^gJI jjj-L jc.j ,t = y2.{H — h)/g ja 4_ULu_i_i {H — /i) 

.h = H /2 jl ih = H — h Llc. (jj »^iq 11 4lLfc.jj ^-Li (_^jJl t5 = 2.^]h{H — h) ^GLijJI 
.LLo SjlLil j-U-uj Li j-JS.\ jl ^JLu jjj^!l jjjLlll jl j_c. jG-ijx ill _Lji t_sj-ujj 


! Jj-uiaJI Ja^ j-oj s-^-ut^ (N V) 

jIjLlOJI ^UUJ j_Q ^ J~M 1 G.LL--S-1 J-fl-t-U^l pLI i _> M /11*1 4_1_1 j LJI jl - 4_&liXl j"l5\^! 1 J\ n \0 1 11 

(_£ji 4-Lxul jj -Lj l-Ñ-II jo 4 x t/~\ j_o (3 ^j5L>_o ^t_i_uj_iJI jLlj p-liU . j_LlL. j\_uiit_i jj5> — 
jjJ 4_i_i jLm. 11 .ç-lil Ijfli Jjh jc. 4_i_ijLJI 5ji j j x"\ j t^(J jJL-luJ 1 (Jjt_flJI !(_^l) 4 _ajI_ij-£^ 

. I \ n\~i.j (jjjlii JjJ 4_j| J_ 1_1 t ^ 0 \ 0 II j\ u .Lfl lll (3 


Y0£ 



j\ tS\ \ (_£ jJI iç\ J-^Jl IJJUJ*J C\ i 1 jjl-Jsl ç\ J-^JI pLaU P^JajJI j-J ll I 

^cJa-tu JIjlaI j-C. jiuu'J d j-~ > wTi \ 4_SLlS jJi'JI ç-Ij^JI I .Lsj*JI -L> J I £-lj-$Jl j-o Li5i 

p 

f ^ JKI J\ tS\ \ IjjJ t Sj-~N-1 ll I <4JJ CjLLi JJ*. j^dLoJ (-Jj-~N-lll çJj-^JI IJjJsj tjJJLLjJJ 
LciK 4j*J ijiuxnJJ Ja j \ 11 £-q (JiL> j J-c.*JI (3 J^l ^LLl jL^ j-^s I is\ \ d j j^ \ /n - 4 l*>j \ tS 
(J-Q ( JJ-Ll'jj.l Ijfl \J .Ç-Lll O Lu jji. j^Lu^J-ol J-C. 4jjji Cils tl X.\ inj J."K I Ç-lj-^Jl jlK 

.Ji-ujS! J-tl 

Hansen, E. B. “On Drying of Laundry.” SIAM Journal on Applied Mathe- 
rnatics 52 (1992): 1360. 

“Mathematics ofLaundry JJnveiled.” Science News 142 (1992): 286. 


^IjJlII iA Jsl iA (NA) 


h t . A 1 1 J n J '4 \\ 11 (j\_j . ) \ 11 


jjl jjCxa-i *t-h J 111 II 4 \ III 'IL 


4-o-lS dlLo-i jjl h3 o jjCo-i (_^MI iCjljljdl kjLa p^J.1 <_JI J J ' \ Lo SjLc. .LjJLuj 
^-ua-i-i jjl jjCxa-i jjS-1 . jLiJI Cjhujja. jji-j Çjl ajl uajH j 4 L \ \__j 11 __j QI *\"\ 11 (_^_^S 4 -^ \ \ \ 4 \ -._g-o 

4 ^jj=- 4SLLa 4 j JK-ujL __j Q lo Iac pLLI < 4 \ mLLLL j .._\-a._g-o _jl u_ JLoj L t . A \ JMj inll 

.4_i LL I 4 J jJjiJ I LftLn 1 4 \4 \ 1 j. 


KeU, G. S. “Early Observations of Negative Pressures in Liquids.” American 
Journal of Physics 51 (1983): 1038. 

Kuethe, D. O. “Confusion about Pressure.” Physics Teacher 29 (1991): 20- 
22. 


^jjJ^ojLs^) 

<*• p. 

JiC Ç-Lll J^SjHjj tjLilJI j \ (A WII 6j.'^-.oJI J-Q jjUJI I )jl-i I )Uil lQ . j*JI J-C. 

5 

5 ^ <** p ^ ^ £ 

jjUJI (jJj-2s-j dJj 4-~s- ii t jj5L>j .Sj^jU JnC 4_5 _SJj j-Q jK I 4 X.j^-uj i jjLflJI 4_o 0 q 

^j-JLJ 4 U.Ij"\ /H jLlJI £>L^I jc. SJA X I slj-2i_ll 4_>jlj (_^lj .P-Lll J-ll jIJ-Q jK-fcUJ 

.Sj^jJJ J '\C- JJ-K LjlII ^j_3lJI j-Q jK I 4-0 J, 0 11 J iC- ^ ~S \~S iP\"\ 



.LjiaJI C- 


Crane, H. R. “Stretch Orientation: A Process of a Hundred Uses.” Physics 
Teacher 23 (1985): 304. 


pLU Jjijj 41» o (V *) 

« . ç- ^ 

(3 P-lll ma (J jl x~\\ 4-j 1 \ 11 i ^ \a \ II (_£^»ujJI 4j^.jJ_L1 4jL) L <n*JI j)-Q f-LU 

Jj^li J'ULLujI JjL^ . Lx <All 3 ' S'Jjj^.'JJ 4-q jJ\ill i x \ j m \ . (jdi ILs / < N | 

I -N iSS ^CjJI Ijji ^ .^J-^-ucJI Jj) I /M ILa Jjjjjl 3 ^LLl (_£J^-OC (j\J jjj^Jl 

.^Ull 6L^JTJ1 3 ^LLl j^sjiJ 

i*i ñ m^uji JjLLo jjiUi (ys ) 

£ ç- Ç- ^ 

^j-Gj^JI LlK J-5 j iJ-oj*. cjIjLu (_^1 1 Jlijj j^j pl^^JI 4Jlj| £-o 

4j Jj I S^)fuJ I cJ^-^jj I Jj^ ^ Loj^-j*. I 4j^jj,/ n*J-J I 6_^J I 4J L^. 3 ^ Lc1 jj^^J (_^-fljJ I 

.JijuS! 


*ui j (rv) 

.S^JI 4-Luuj l_gj ^ljil Jjj^JI 3 ^LLl (jj^9 Jjl-3u j)6 S_^-5J 4 _u2^_3lj ç-LLl 3 ^j^-ojlLI Sj^JI 
‘oJl^-Lll jjj LjjLi J^Ul «J^cJ c.v--^j ^Jij .xi/ J-ojil li-& pLLI Jij J-c. jJ_LjJ 
jjjJ JA 9 2 -°j .JaUJI ^jlJI 4_o^JI Jl w £>jl^i« jjj u-LA; 

^jJI SjiJI LjLoj Jjl_3LJ S^)^-Q_3tiJ 6 jfLll J-C. Ç-Lc^J 1 JjjJj plil L^J ^_)jJj ^jJ I S^ill tJjJljJl 
l^j (_^JJI 4i^JI (jj^ Jij Lojjj 4 4j_3ljjJLj^ .jLuii.1 &L-s_J*il 3 *LLI J-c S_^JI L^j ^jjjj 
£j\9 4 f * U ^ *(J uU" <iill jjj Jjjj J«UJI 

j\£. ^jc J^j^j J| j\-ll j (jlj-J.1 (_>ul^) 44 j_tu LjisLi .J_qL^JI L^j (__jJil 4_c^JI J_c 2w 4ij^ 

.<jJ jU 4_>jIj (_^1 JjC JLsljj jl (jy\ iQ tuA 1 j)5cQ_i3 .jl mjQ 

ido ^ji axLaiJi iSjiiui (rr) 

jj^^j Lq jjc jjLiyJI 3 SjjUj jj^^j jjl ^gJtjjj ji_kJl Sji (jl 4ijLiil jJ_uc-q 
.S jcliJI 6 ja (__)4c-sLjj 4cLajJ1 jJj)Ld j)l ^ jjj (j^J 4 JqL^JL pLLI 3 Sjj-qjLo 4.iLo^)JI 4cLjjJI 

Y o*\ 





~ t- ' 5 

4_C.l_tjjJI g-Ly) 4j_ij_^JI J-lll Lijlj tjM ^-hjjJI i_ x 10 i ij 4-jlj) P> t n*]J 1 i,_iLo .1 LoiAVc. 

^ *v l> /n 11 jjjl| |j yjj Loll I (jC. LlJ I C^J LlHj I J_ 0-*_1 Q \~V t 4_Ui. L^*.jJ I 4_J I J P> tl l*J I 4j LlS 
t4-j.Lojj 1 4x.l_iuJI ^JjS J| JLojJl j_o ^ilLi Lq Ja jJLuj JiiC j .J.X.'J 4^jjH £_lo J_C pLcJJ 

P P ** 5 2 

j-\^l J_C*J ji-LJI 5ji j-\_ucu LftjAc.j .S/iu^ 4 u^j_Li 4-iLojJI 4_cl_mJI Jxo_) (_^JJI (*j-S-ll Ji_i 
yjCij — ^g^Ja-mJI jl JAll j ^uLoUI ^jc ^tJljJI cJl < v*\-v'JI j jjjJl — 4 ui^La-LI (_£jiiJI j_o 

. J_c.l J| 4 _c.LujJI x < Ai 


Gardner, M. Scientific American 215 (1966): 96. 

Reid, W. P. “Weight of an Hourglass.” American Journal of Physics 35 
(1967): 351. 


(ijJJ J^-'j ( Y 0 

jjjJ (3 JJ)LuLl P-Lo j-o djl_/\J_ lJ-o 0 Jljj^. j^. jjj t4_uii_i J-C. JjJUI t__i_Lsl 'iljl 

Jo^o"' v^' -\$*i «‘U-l u' Ji (<jy*JI f-^L? >-*sj*J.I) j^jjJ^ 

^ 53 £ 

1 4oL o.~n_ 11 LJ-»LU_o IjLclS Jujl .^Lo jLA_i J^Luj ç-1j_& 4_i-s_o J->>. wn jjjH (JHj 
6J-iJ_ui 4_C j-uj_i 4j_oC. i \_^_i j\-^& I Ç-lj-ZkAjl 1 J_4> .4_Cj\uu jjjJI ^_3 J_C jjJ Lxl I ^_3 Jjil 

•JjjjI' (| Jj^jI' J jl-*f jl (j° i^jl^J' (> 'jj2 

9 

^ o 11 j t4x.j^_u_i pLLI jLk_i tA jj-LlA 11 j jjj jJI J jy .i t jl 1 1aJI ^jc. pLLI t__a_Sju J_a_i 

• Jjj-J' J^-'j jjJM' LS^-J^I' J^-l' 

Louviere, J. P. “The Inscrutable, Open-Ended ToyBalloon. "Physics Teacher 
27(1989): 95. 


JijKjJI iuiyw.il (vo) 


pl_C jJI J.-V.I 4_i_L~il_a i/i il 4_o_Luc 4_o Ji0 o J_tujJ 4 JjL1cJI 4 Q -vj_Ll 4_ijiJI 4_i j*-AJI 

4_i.1i li CuL lj|j .P-lj-^JI 'y j-o Li_1A-~n-1 JILi Jlvi.~s-i tj^cljJLll J| *Jj_ucj pLLl 4_j_oj 


•^LlJI J[ (j^lj-*-il l^ifl wuS 


t ^y U Lu'J Ll 4_1 _ulO 1 tS j Q i~s 1 1 


Y o V 



-Ljnlflll l-uLx 


Orwig, L. P. “Cartesian Diver ‘Tricks.’” American Journal of Physics 48 
(1980): 320. 


AjjjI 2S (Y*\) 


(J i(*^x oI.U i4-il^la »"SlI ^ h ... J_c. laQ 0 A-isl^-aX jj-u JliLuj 

Miñer, J. S. “An Extraordinary Device. ” Physics Teacher 17 (1979): 383. 


A^jjll AxliiJI (VV) 

JJj 3 iLaiaua. jX loI jJLi^sjl icLfljJI j ' U\ •. i tLajaua. jL. i Aj 1 4X-Lfl_flJI ^Ui^LLtu 

-g p 

.Lkj_kj Sjljj ^-o iJ^lj ^jjjLu^JI 4 x.I_Ls JkJj ç-\ j)-^_l' k x <^i Jd 

Lkj-S^j ^."Jl S^flJI £-q 2ttRT ^g^Ja-aJI Jj jJI S 3 J 1 n\"\ \ iR LbjJaJ 4 jj^> 5» 4x.l_S_s 
ijvJjJLJI (J .P oc 1 /R JaJLtJjJl J| ^jJj Lq ^-4(3 ,4ttP 2 P (J*k.ljJl p-l^^JI k x 

^LxlLo I j\ tSS \ jjl Ji jA-^Jl jjJLjJI j JjJ--iJI J-t fl-j^JI j^Sll o-?JLjJI j ^ - j -uj 


Jualll (VA) 

J^JLtJjJI ^jc. (Jij 4_u^U*l (Jk.lj k x ts~\ II J| t4_u^U*l Jk.lj (JJa-i-uj pU* 1_S IjjJ^ wn 

jl ^jJI i_> * L ulLirs-i Loj I^aj^ i_»0*\ II jjl J_C (_y^^_j jjl cll \ lc- ^ ^j^JI 

lj_jjLi IjjJ ^j^Ja-mJI 

jLhui.1 (V“\) 

JkJj çJ^^Jl . J-I j.-s_l I pJ^^Jl 4-3 LlS jJ| 4 J nij jU^J-ll 4 _atj 5 C J_c. ^ Q t Q ^ H J\ aajlCLjJ I J Q J X J 

pl^-^JI 4_Lt_fl_j Lo^ .1‘i-LLoj ^J IdjL pl^_^JI Ijji (jl^l pI^-uj *jLLiU. 1 ^>-La.> jLLi.U.1 

^J j)_Q J t4-Q-s ~v Jjjj jrL^ I 4 j^jJj ^j LkJJ jUVJJ (jJjj^. £_3 Jj 4__j I j^b 4_J j~^ /n Jui'jl 

lillLc. jLklll Lfrlj.4ill<Ul j)_Q (JJjlj 


YoA 



iLuLajjJI iLuUI £II J "* (^*) 


p £ p 

j)-Q £^JjJI U-4> «^UJ jJj^O j)-Q Jxl Jj S-LLI (JSCJ-J j£-Q_J t^-JLJ ' 3 ^ L-jJl^JI 

Si 

pLll j^SCJ JJi JiLQ*JI j)-~N-ill Jx j)j) 0 \ jux II Jq X \ tnj . jj^-flxuJ I ^ _ii)| 4 .\ lc jJJdJ CjIjJ^II 

JjL^V J'bL^. j)_Q 4__J plijJI J!^-Q_J *i! Joj-UjJI Ijib^ . l__)^)Ja_ua-Q J\£. j)^!^_J jjl t LlUi-J l_fl_UC 

«5 ç. ^ 9 

j^SCLj j)l iiLLJI CjIjLjIcI J_-q_jj .4x.lil_ijl i_ s'JHu^.Lj ^jjLjHj i— j jju'JJ >" /nll ^JaxJJ 

^JaliLI j)^K_j j)l u_l~^-> IJJ t4_U*.^Jl jljlol Jx 4_JLxJI CjLc.l_fl_>Ji!l clc Ucs-jI j^-~s-> Jx pLLI 
.4\ X çJI J Ja q Jx. JaLo.~s.ll J^-qj ~s. Jx*^!l CjLc.l_fl_>jJI J J^KI ^Luaj»*\ mll 


Benenson, R. E. “The Hyphenated Siphon. ” Physics Teacher 29 (1991): 188. 
Ansaldo, E. J. “On Bernoulli, Torricelli, and the Siphon. ” Physics Teacher 
20 (1982): 243. 


oi^i ^ (n) 

j i>~N \ \ 4 i-> Q \ J\ ij (l) i—jJ)5L1I (3 ç-J^JI 6 \ \ 4_j^l_ua^!l i 11 Lcl JI CjIjjI ^jJLLujI 

(JJLClj LqJLj-j (-^-) >_j j)5Lll (l) > ij)5Lll jj-Q ç-LLl x j h>o /m m .(i j) >_jLj LacIc. 

•vj^I Cr° JxSll JpJl *J^JI 

Schreiber, J. T. “Barroom Physics .”Physics Teacher 13 (1975): 361, 378. 


laJua (rr) 

ol*\-L \ / i) jLiaJl jjl ^aXjj .l_j_>j_fl_> L>jl allLq (jdJLaJI LlK J jUaJl h> X tA \ jjj 

Lodc. 'TjJ-S j-\K1 ^J-^JI ts> j)j)*\ \ jjj JjA_i_ua j) J\ \ jjj u_fljLLa.^!l Ux J)Li (jdJhsJl J 
j^K^Jl jjiiJI 4-j.Lua.ll jl_ia^!l (jlji-l^. ^Cfl_J t^iljJI (3^9 .S>jL lxuJI ^CJ (3 f-l^JI CC-Lm-J 

. SJ 1 J-mJJ ^XijJI (j-Q 

-jjfluuii (rr) 

jjLi ^jJ _/\X (J^Llu :4_JLlLI 4JLaJI jj_\ \‘\ /i) Q WM 11 ‘Lj-fl-j^J J.\1~^JI Ux J 

4ijLfl_Q 4_jl_aJJ (j2ij a j / <iq ^Ja_Q_o ^ J ç-lxj^ t4-iLla.il J-jClj J^-s.^ t la a i<a 11 



pLij-i-flJI C 


J-uLs'JI ^ j 1lj . ^jjj L/JLj lijL j JjLJI (£j) wn.ci cu^ j i^jj )o \m \I (_j jjj ’ j-Lo.> 

.(j£Lu ^fL C\ LLuI 'il ^Li-oLiJ ^ jj-oJ J_C. J-clLjLj (jjflj jjx II (J-aC. jl Jljjj 


* (J J? ^Li-mJl (J-aC. Ç-J-i 4-i.CLi. < \ j^.u-fl-j ^LuLtu'JI ^jj-ojJI ^l 


Li\5L.> t cjJJ J 




jL lj| .£jLJI (J (^) * Ls 1J <JjLuJ 1 (J ^l^ i sjl^ 4 J jj 0 i-ujJI ipjjJI 

'JLo 1 (_^L. u_j juj'J I 3 Jj LJI jJ^. \ Lojj < (l) 1 _s j-Ll I (j_o \-us Lo_-L. \ I jj^ I (1 _s) t _ a jJL I 

(j-o^ l^i x is \II (j-o LiLs 1 (<_s^ LjJaJI J^lj l^i x is\ 11 (jj*\ \jjj I ^ \ s <J-oLJL 

' Jj s; 

l OjJolII J^lj JaJLu'iJI J_u^_» (jl Jj (jj jU I IJJ) j-o uujj . (jj 0 \ 111 11 _/A-C. JuLuJl (jj Ju_s 

JjLJI pLj J^-Ij (_^JLull (j*J t Lx <All J (_LLLj*J 1 oixsj <(_^j^rvJI JaJLuLll Jj (i_j 1 ) 

3 JjJuJI L Q Oj \ \ /n 0 ‘(^—>) 1 s jJ=JI (_£jLu_0 (__Jli L2i_i lj| t Ju jAc. . 4_UJ J (_£jj_tU_0 JJ-£U 

JjjuJI jLutu <JuLuJL) pJ_o H x 11 c-L^ l_g_> ^jJI 4 _JLlII LlJU 3 •'_sLkil H_^_) 

.JiJI Jl 



4_oj :«<__) Ij-j-i-urs 1» (_^l j j^j ^jc. 4 JL 3j 4 _JLlLI 4 JLJJ 4_iLi-oL)jJl 4_)jJ-LLll 

LujJ I*Jjl t(jj-£Li_iuJI J-oC. 4^_)jJa ^lu JLuu-i (j 0 ) Lo-^Ai) ^jll > s (jLljLs-a 

:4iLLJI l^oj^u-CL) ^AJIj <(jjjuJI l^ij 1 jLoI J_c. JaL-lJJ JjJjj 4 JjLx-o 


1 ? 1 7 

P a + pgha + ^pva- = P b + pghh + -pv b 


rv 























4.C .V j t^litjjJl h j ticJLuiJI p j t(_£jLl 4-laAj h j tj^SJjJI LL J_c. 4_Loj Ci O \~v 

JjLuJI 4-j^)J q j jjj I 4Jjl_3L-o cJLk iLjIj .4_ujLJI 4Uc @j tiJjLuJl 4 _sLj^ Pj t JjLuJI 
1_J^JJ*J J^J > ~J m 1,1 ^ L Q 11 4j^.L-LQ A o J ~v tQ/t = Av Ljlill 3 JjLJI 

i4 jJL 4jjl_ai 4 j*.L*. cJLa t4j^^ l-£j I 4j_a_iII JL*. J ’CJJ)Q wnII 

Sj^^^JJ LLHjJI J£ J_c. •3j) 0j auJI iJU J_c. 4 jJ1_c. Sj^^iil cj'JjLjlII Ji\ jiLj 


u_sj_kll p-LjILuL Lj^) tPo J^-j-^-ll (_^jptJI JLLLll (_Jil Lx <All j^ij uj^jj'JI (JHj 

^LojjI (JulOj J_c. ujjjj'Jl (JHj 5 a 4_LqjJI j)l (_J-4> t JLil J XJ /n J_c. •(<—>) 

3 uj^jj'JI JHj Sj_5^-^-Q h 4_LqjJI (jl^ ‘jLCll ^LjJL (_^LLI JjLuJI ^L /n 

iljLJsl J_c. J_uC_LLu 4 JLH 6 j_4> (3 .JjLuJI ^ L /n h LjLs 4 _sLxlq J_c. Jj Q \ JJJ. 11 

La jjJsj t p b = P 0 - pgh b + (1/2 )pv b 2 jl tPo = P b + pgh b + (1/2 )pv b 2 

x 9 Ç- Ç- p p 

j_c. JL_uU.i jl j/Loj Po jl LU_11 ç-lj-^JI L x j_q Jil JLljJI JLLuH jl 

.£JjiJI 3 J-o_3U jl Lj jl lj| j Q </^i 4 _q.lQ.1I 

1 _s^-LJI Ji.Lj JjLuJI 3 S^OuLo (l) 1 _Lj-LJI JLLLll u_s'JJL^.l jl Luj J'JI 

(_^j uj^jjI 4JLk 3 • (JJ) a -* /n Jl J-^ JjiL (_^ill ((cJjj^-ll)) jjJ> i_J3JJ*JI 3 SjCjLq (I) 

1 sj-kll .> i jt 1 pL^.^)I J^ 3 Sj^I^ v (J.S jjJI 4x. jj i (jj^"' ti 1 t^_Lj_LQ > L 

P 0 + S^OuLq (I) l_s^LJI jLlj Lx <All (j^L) Ljjj Pq + pcjha L» <+>11 j^ij (l) 

Ja_s_uLJI JjCll Lu Ij^jj .Llj-^ cJLJI LLc cill ipgh a - (1/2 )pv a 2 

.i_j s 3jj'Jl JjlJ_q j-lc. (1/2 )pV a ^ jljiiL 

gjLojJI j)Ls UJ v-<uII JaX j^-uiiu 3 l-$J JjLuJI jjl Jjji.'J 

JjLuJI cJ^-'n- > *J ^i jaj ^6 jAl L ^sLLjj Po (_£3-^JI L x <+>11 tLujl .4 _ls3 _a c - ‘^-L-uLLu'JI 

•VCJ+' jJ ji 

Ansaldo, E. J. “On Bernoulli, Torricelli, and the Siphon.” Physics Teacher 
20 (1982): 243. 

Benenson, R. E. “The Hyphenated Siphon.” Physics Teacher 29 (1991): 188. 



pLijj-flJI i_ul 


pLU jjiLoij (Y'£) 

X iS "IjJ I J (ju^ 1 JlLq J.^ > jJaC. jli Llu jJ I jj Jj J1 (_£JIIjJ I jJ I 1^> 0 j jL Ls J-OJ 

(3 (Jn^> a -\ 11 ^_i_Q jJ I J.iL'^k. il I I Ji +L jjj I 1 \X m jj (j < M I . *!iLs_3 Cj,- k^-J Lo j_&j 6 j-Uujj^S ■*■ J»l 

& 

— ^ \ II (jIiLcujJI £_ucj — ^lxjLl pIII 4_l 3 jujj (_^jJl £_u 2 >jJI (3 4j^! t4JUJI (b 

Ij^J JJJ^ ^-1 _l3 jCj .CjLijjJI 1_sljJal j\c -LlL-J. I Li /njJl (3 (jLl pLLI Ln» jj^-J 

l^i > <+>l1 jJo Lj-Q Jj'j t a .11 (J_Q_S_1 I £_U2J j_3l^_J jJ (J^»J^-*-0 J-*N-> (J-C. ^X M UI £_u^ jJ I 
^jLLuujJI jl p.|_LI L^_> ^ \ Lr> jux\ ,jJJI S s jJl 4_3_ijJcJlj . jn*\ x w jJ cjLi)jiJI (J^.lj 

ç- ■$ % ç ç- 

Jjj^jII L"i X II j_Q (_J-C.I U X iF> Jil^>-LI L> /njJI (3 Cj* j-i jl CjLbjilJI i_sljJsl (j_Q 

(j_Q (jliLijJJ (J^-ljJI pLLI ^LLj ^n^ XII £_uCjJI * J-iAjuJJ jjL.1 jJ-u2lq 4_qj .^Jj^IjJL» 
(_£jlj-ll p, ^jJ I (3 cJjl nU ni ClLiijiJl J J'^-0-3 Jj_^j-Ll P-LLI jl_3 ^L j^j tCjL^L^_j'Jl (J^ 

.Jjj^jLI Ç.LLI (J^ djl mul\ tj i ^jLjlII £_u 2 jJI (3 LclLi> 1 4_o jJVloJI 
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-Fc 


jjjJ .CjL^j-ClII (Jj^Jj 4^2kjjJJI (jc. 4_2 >_jLj 4_qjI_3_q (jl 4J (ju-iJ P-LLl jl u-ufc t L> wn 1 A11 
Sjujil (^g-C.1 X AJl (bL^J'Jl j1j1qI J_C (J-Q_3tU *J ^^LJI jljjJI (_£jS) 4-U2J x"\ niLI (JJ-Lll *Jjl 

LcLmJI t_jjlILc. &U_>I jj^ (_£jJl (JjLluJI J^>3t (3 i_s'JlL^.'Jl t—Fp i^J^Ul pLLl J_c. 

j\_i_» (jJI +Fc SjLllj i 4 _&jilJI L 2 LL 3 4 _^.Liu_Q (3 luj j%A_q 4 _&jiJI ( 3 jL clc. (J_^.Ul (_^lj 

jlLjUI jLLb .JLJJL > q<\ 11 clc. ^cUUI (J| (j<oj jlLuiLI 6L^_i*JI j_Q pLLI jj jL 
(J 4_(5ijUI j_C. 6jLjll 4 j- 3 IfLLI (J_3t_oJI jj (jj<3 jJ jL luLlu .j\ / 11 ^ I_3lLq juiULl (J jjLo-SiL 

jLc. ^jLLJI jlj 4 -c.LUI i _jjLcc. ^L^il (jnlc (J (J_Q-3t_i (jLJI +Fp i(j<cj3tL-mLl ^L^u'Jl 

i-Fc j_Q j^l +Fp jj^-j ,4L_ilL js jL 4 JU. (J| Jj_u2>jJl (Jj-S .-Fc iN j Q 1 1 j d (S j Q 1 1 4-2 *_l3 
.^_XJ_lUJI (jl)LiujJI (J| 4 i ni\ Ç.LL1 J (JUJ^-3L_Q J--N-> j-C. (J-UJ^ X L1 (jIlLuUjJI jJ aL) U 
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4_oJj ‘(‘) L 4 h 4 a j \ i__3 J-.S~*~\ \ plj^JI j JxjLjJI ju j*\ y 1,1 juLiujJI jl _i_Li 

• Jj^tlSj &-£i3 _rLjJjf o-° J^ JLS_o J JrLiJLoJI JrLjLjs l_E_o 
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^ l j j I i^l JCa i _ iJjJJ ^JJ 1 ^ jc J-*JI ‘CzsSi LoJ_s_i jJjjf I ;_w)5Llh 4 jLLJI CjJ L5_j 

jJa-uuJL i L_jjf_j * uif I ^tfa-ujJI jf*-J Lalii JLlll jl ua_jJ*JI j j'JjJ'JI 5'j" A ' 

I fiJ J '4 ■ UJ Llf I Jj'fjj'jl 4x._l_JUi>JI ^jl5Lfi*Jl £- 0 ^ .4j_a J J Q_J Jj 4 1^1 I ^J_U 1 ^J| 
j ■ 11 4 J_jL 4_l_u^lji_o 4_j»_a_J . . . .JjLuJI ^tfa-iu j_C. J 3 UI j_C. 4 \K I m H)Li.j_o 

o' 5 * s f- 0 ' 

JjC olfl 1 -■ IjLh 0 j|Lud_fl_jl i jJ-m-J Lo-J j-*^-*-* L§ 4 \I o 0 II _\Jc j-C-Ll i_ 0 ' — 

.LflLc 1 _'jfLll jji L^cLi-ñlj JJl inII olfl ^-kuu 
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d I nllj L_sLllj uUj d I ( \ ) 

J \ \ t n (J_c. jj x ts '*II 4_h*j j_Q j\^I liij iJii-xu'JJ 6Jj_3iJI 4 _L^*.j j j nl ~i 1**1 *-d 

ç-T\ i \ 1 (j hi jjj& 4_L^j (_^^l (g^ i (jl 1 \ 1 11 1j 4_x3jj 4 \cljOu SjjlIaJ j^_ou t JlilLI 

4JU ^i_3 . Jil JLoj^.'Jl j_£LtuJI CxSj jj*\ x /n^.*JI j^ J''!^ J[ 4-1 n\.\ 11—> j^J 

4'uC ^Liuj'Jl J| J-C*J «_S J-i (j /n jl Sj^ 2 _iLjJj jJ jLiLc.'JI J 4_ij-'N-ll CjIjLjLuJI £_u 2 j 

4JL~s- > 4jjLiLQ Jil i_ jLj'J Ij i_jL_&jJI 4_L^.j j_qj jj*\ \ /nj t4 _ljI jHj'JI <£.j^-uJI j.u-fl-1 dJlQI jJ 

4-jj Lc_q Jaiji-xuJ I J jjL I Lxq j j j a" di" Sj^J I j I juj j 1 j^_o_) Ltixi I . jud I J^iji-xuJ I 
J-’ic. Jj x 11 4c .jmj j_Q JiI laj^ll 4c.jn-u jj^-j oLcLiuj'Jl J^ J-C. 4_j*J tjj_3t_udl_i 

.4-L.ic. ^Liij'Jl 
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Object in the Atmosphere. ” Physics Teacher 7 (1969): 507-508. 


J! 4*^ <3? j*= (v) 

^ 2 - - Ç- 

4_Lq J^x i-xuu (_^iJl ^Liij'Jl J-C. j_Qu_3ti 4_iu 1 (j 11 4c. j^lJLs 'i^s^ dj^ JIj-luJI 4j L 2 J 

p p __ ^ 2 pP 

j"l5kI jI ÇiljrLo jLl*S 4u jJj - 4_lJLc. ClLcLijjl j_Q h >0 m"\ ^jJI ^Llll^.'JI jl ^Xjj .6 j!^JI 

4-jj 1 (g\II L^jLc. jn_u jLi t4_uLjJl d jLLq*JI CjLj_q J-u^ii CjLc.jvu Jl^ J-ltii jl 1 (j — 

£_q LjjjJa ç-\ j^JI 4 _q j Li_Q 5ji i xjjj Ljj-j o i ! j^djjll j_Q i ijiJLj 5 _\ ~dj 1 (j K jj5L> 

ClLLs jJ J^-ClS IJj 5> jj_\ \ m S Jj*JI 6j^JI jj LrsJ'i \ jl 4 _uLj Sj^J j^_ou Jii .4c j^jjJI £-Jj_q 
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. jrd\ I 4 .C.jujJ 4_uLaJ I 
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i 3 - .' - +"v j -ijj-4' Jjjj (_5^S 

.kj l( j 11 Ijk jfluin 4JUJI 6 J&j 4 I 4_uITL>I k jj_& 4 1-s C ^ljjJjjJI Sj^ J-LLcu 4 ^jUI 
tjil_4u'j I Q ijJa J ^i^-^JI 4 -ojLS-o Sji j_q 'J-J.g j\^l Ij^i ^ljjJjjJI Sj£ j > /7u nu 
.Lilka l_£j J-Jj 4 \S \ \ ujJuJI SjSJI J^J ‘ j\^l 4-C.j-uju L^^j.~s. J 
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^kgLaJI ntV^l a_s jUlo (£) 
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4^JUJI 4l~s c g 0 \ta = —g BV{v / m ) ^puljJl 6 Ls-j*J1 <3 4-Lx ^jLJI jSj-u 

4-l\j_q 4-oxS V j 4 uu-a. 11 jr\- i5Ll I 4-T~i.~s-l.il 4x.jsxJI j 1J. fl o V j 4 p1j-^JI 4j^.jjJJ dulu 

^ p ^ p * 
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g- ç. ^ 9 ç. . p 5 
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j; 5 
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• «• ^C’^Pp, M 
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(_^1 C-U-Lij .LfrAL. Lx <A 1L 4 uj1_£lo LLLu_o jj^u SjljjJl 4iljL u J1 ^Ll 1Lx J.LL> 

jjJi jl ^jJL-U 41 ijVrs-11 j-o 4_u I ^LjJl jj^uj i_jj_xJ 1 4 Li 0 m 11 4_Jl> j-L^. 41 —SjjJi 

uiLuL) 4 4_o J,011 (J| 4 j ml 1L .(J_C.l j_o LguJ[ j-L-Jl JuC. 4 xLuJ 1 t_ijLic. &Lu! (3 4uljL /n*Jl 

4xjn-u jj^u 46ju^.jll (Jl^ 4 wn JLj .4ilj L 1 1 i*JJ SjljjJl 4 \ /mL-11 4x juJ! plj^Jl 4x j-oj 
4uL (jjijj juL (jjvCL \ .(^jUi.'Jl j_o Lajl_luJ Jiiuj jCLiLLxu-a 4 i 1 11 LoJ. 1 4.C jujJIj Jj-^Jl 

.^■LjJl cj!juL 4L/m!ju ^.LJl Jl^ 4uui-xuJl ^j-L 4 4_oj. 0 11 3 jLlLo Lx <^i j jj^j 3 
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juajJI 6 jJI (v) 

j-ijJI 5j-i-3 .SjillaJl jjj (j-Q «Jil» j-ijJI Sji jj^! <11 j 15 jlilj'JI Jj_»-q jj^-j Lq jlc. 

•ujjJI ^ijb- 0 Jt-I a* Sj5 J| <- LyAj jjij <J-c-^l jib c_j£j-o L$J 
tSjjliaJl jjj JjiG ^ijJl Sji jJ jiijS oljjLkll jl jj j fllx j jxjLiJI ^ ^ 

.6L~\-)I ^l SjjUaJI jjl nñ ) *J Cj'JAJI Ja-gjjl J (J* 1 w ^ J-C. J-cHjlj jJaLl ^t_£_\ jj^j 
4.LA->>_c jj^I <(^ijJI 6LA)I jIj!qI J-c. ^l) ^LbJI J-c. ^jj-o_3iJI A-n. 1I jI j!qI J-c.j 

<^I j_oj .jj-3»-uJl 4_ijlj (Xj ‘o3^l ^9 <£_sjJl Sji L o \~v ijL — LL cos {X = 0 ^jiJI 

•uj^I 6-° £i_>Jt SjS uJ^ jl ^ ^ j^*-uJI i)jlj ci -l H l U^_q 

Flynn, G. J. “The Physics of Aircraft Flight.” Physics Teacher 25 (1987): 
368-369. 
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j_Q A_o_\ SjLc. j*\ hx \ \ 4-jL^UI »ç_3 \3> L1 jLjUI (jo 4.0. A jj5Lv\ 4ll ^Ijl^vj t4LuaLfl 

UJ-\JN_J t^LUI j_Q j_C.*JI J (j \ II j^j_Q J-N. \ ijll jJ I 4x.j*'_uJI 4_vS J_J jlj tCulill jlll 

.6j-ojLj-q pLLI ^Ja-ui ^_\ jl t__Lual\-LI t__\ji (_^j irifl II 4lcj^ j_ua_\ 
jji plj^Jl h> mll ^Jjl Sj-Uuai 4iLtxi_Q j_C. ^ua^l jjjlll j J_3 l_q jj J--n_\ 
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* * T Uj_o^ jLdi 
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j-Q jjj.ll jLa!L 11 4-Lu^Li 4_cn_lo jJLiibj 4i^Lu jLlJI (3 Lu 3_*JL JLucul J-c. 

o s 

• CjIj-o S_\C Luc_*JI jJa-S JjLjlj t6ijLi* q 4_sLxlq ^J~*. Luc_*JI 

jg ^ j*» 

Cjj Jj^. J_C \ i_> Ijlcuuc'J 1 I J-&j t Lq Jj^. JI LjJq_uClq jj5L> 4_fl_S JaL I oljUUI 

i3 

d P \ \ L> \ 1 1 d 1 I>^\ 1 Q I I d Q \ L> 1 1 ^ Q 1 \ \ L I . \ ^ I d *s. \ \ \ .LudjJLi d L \ -s. 1 1 d I <✓>! Q I I d Q \ L> 1 1 (j J 1 Q \ \ l 

1 (j \c J-uC-S-Lj jl jj J Luc_*JI jc J_3 lLLj t j-~s- 1I jLuJI j_Q d_xsl_uc| 4 ^jj^. 4illa d^j-~s_ll 
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pl^gJI jLu ^Li^JI (> ♦) 

^jJl £_uqjJI Jjl 0 \ JJJ 14-C LluJ I (j jr\_QJ.1 l\ V* * l_d>jl ji_Q 4 i/~\ 0 L iQ pljui 4cJ-LU J_C 

( jA-Q_-Ñ-~iII jI jaJ-a!I)) 4JU ^_Q_S .Jil 4_Qjli_o_i t^Lo'Jl J| 6 jjJ luill 4iUJl jj^I 4 _lS 
^jiJ jj^_i IjJ i-R 1 jjJjLij jjc jj^_i 4iLi5Ll 1 jAoA- l^ ^JLq J'jLj. 6jj> «4c.j'-uJI 

.i_i j 4_fl_iilJa C1 jC lj 4 lljjJJI 

pUI jLu (\>) 

jj^-j Llj> .Sjoc V * jljc J_C 4Jji_a_Ll dLLl CiLcjn_u jjc 4_LQ-i-^Jl dj^jjJJI (_£jlJ jj^_i 
.^i_i) 4 JLJI (j Jil 4_qj 1_SlLI jj^_i ^j j_oj <5 1 j jJjjjj JJC 

^Li^. Jjli-c (J jLLuj (\ Y) 

4 1*\ /7) jLi tCilj-0 JVUL*U l^-O-Ui jj^l 4_j I ^Cji . Jil 4_Qjli_Q i‘i \ XJJ (_^jJl J-(b ^Ll^JI 

^uljC i_ilj-L-uol CjJj^. £_xqj 4ll t Jj J-Lt-oil clLiiuJl jc 5i_)Jj Jil 4 _qjLH_q gll i ^g-i 1 \ m i*J I 

4_ijJa_ucJs 1 dlj-^JI 4 _Q_Lalq.S .6l_i| 1 jjL-s_~lq pIj^JI jj_i Lojjc J^-ulll j_Q ^i-LaJl Pjl^JI J_C 

tt._4i-j.il ^ 1 11 ~S 11 1 ) J-~S_j (_£ji 4J_UCL^_Q ^tjj- i 1_Q J_&J t ( j^)-Q-'j- LQ 4_0_Lsj-Q jj^-i 4_oJj2fc 

5 ^ . a> 
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. tJ-11 / 11 11 ^£uCj_*J! j-ko-LL 4jjl_0_Q t jj\_jj 4u^.jJ_i 
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.LqjILU jlJ j!jj t^Jlj-tfc > iIjJ-^s-uOI Q~> u\\\ ^JjlH_JI ^Llc^JI |J-fl.t.ulj j-C.1 plj^JI jLlj 

JiLj c_jjiL>JI dlL jyc. t_j^k-u^ll çJj-^JI «^al ts\ >q!» j i j ci j II ^‘l-uo J'bLL j-o 

CjLLli ^Lj j_oj i Jil Jjij J| 4 j^.L^JI i Ji'JI 4 -qjLLII j .S j^y\ 4_c*j_}_j 4_q jliill 

. Jil 4 \ \ \ X n\"\ 

Browne, M. W. “New Plane Wing Design Greatly Cuts Drag to Save Fuel'.” 
New York Times, September 11, 1990, pp. Cl, C9. 


£LooXI S'jJLbJI oxlll jlj_bl (\ i) 

dlJ-N-i (_^JJI >•—^lO-NII Jxll (jLL j_Q t4 _jj jL-s-11 j5ij_Q J_C LqJ_£lLq £_3jJI j^j-o jj5L.> (ju^. 
j!^-j ^J ji Sj-SLj_iuLQ jLC. «LJL^. (Jaaj j)l JiLxu'J jl J-C.'J (4->_>jL^JI j^j_Qj^ jjJ^JI 4 _qJ flfl 
(j JjJ.1 1 Jj5> oJl ‘( jljJ^JJ (_£^ljJI ^^jJI cl (j^J •4 -a j-fl_> (Jj^- jj_L> 1 

jg 

(jJ-kj .i_)j*\ /njj-l-jJI J i Jlj Lo_> 4 \ \ ni j.-s-> (J-C ‘(jljjdl jjrsJs P^-Lu ^ji_> 

Lq jAj t jjlj’lJaJI 4_QjLfl_Q j)_Q _L> jjJ ^jlj^JI l_JIjJa_uc'J 1 j)-Q IjLJ^ lj_LS gtjLJl i ) JjjTil I 

.4-C.jNoll jljJ^JI 4 _SLlu_q jj_Q JJ_L> 


Crane, R. “Beyond the Frisbee.” Physics Teacher 24 (1986): 502-503. 


ai^XI S^LbJI oaL| ^Ubl (> o) 

^ - 5! 13 p ^ 

Sjj^lil 4-ulj^JI 4.>5 llqLj-> jJI O'XSLHI j)-Q LuLjlj j'N. 11 6Jjl-kll i \x 111 (jLJal (_U_j 

(J-Q_3l_> 4-lCi.jlL. TiL^. LgJ 4_S j-jl I jLlio'jLj .4-LQ_udl jLiio'J 1 l_^_J-Q JLL jUlj a'iLI 
t^L jl^JI j)_Q Pj-'N-ll ^Jcs-iu j)C. I_\ >a j du. u\"\ \ plj^JI jIjl (Jx -n > 4Jjloj 

5jJS 1 tFi X j J-ClO. > f.jilll Pjj^JI Uj5) .(^jIj^JI t_jI jTs-uo'J 1 j A X j tijj-L^. t_> > /II > Lq j_&j 

jj^-J jl j_Q 'J_L> 4-J-J J L^ 11 j^J_Q j)_Q 4uUJJ Luji £_SjJI j^J-Q jUuCJ jSll (j^J t£_SjJI 
1 4_0_> LluJ I 4JUJU 4-JjUlq ^ Ij^JI i ) Ij-U-uc'JI j_Q ji I Jji tÇ>-L~N- > t’iUjj .4 \ lc Lojil q 

jg 

^'i>> 4-jJc. pUjj *(jljj<jl j^-^-o ^jil> .hiujll i_ijjTilI j-Q Ojll uJLlii (jU (ju^. 


YV * 





. 4u_o_ucJ. I lii'Vj I j-o I Cj Ls L^llo ^_k.CL > (j I 1 (j 4_Sj-^i 11 LJoJ I (j I ji'J I 4_oj Lfl_l I 

5 s; 

!LoLo_) Ij-^J 1 i > 1 j-K-uVJI I (j_o L.>5Loj jl ^uIjJI j_o jj*\ \ /n 

Crane, R. “Beyond the Frisbee.” Physics Teacher 24 (1986): 502-503. 


\ ol^UaJI (n) 

p ^ — !Ji — ^ P 

jiL^i ju*.! j-o £-LjJI 6 L~s->Ij 4 _lSjjJI Sj^LkJI 4 _o _\0 o ju 4 _>jljJI ki-u\> jl >_> 

tj> 4^ ~vljll 4_>jlj jj^-j jl > \-~n_ > SJjJ-uuJI j>Ljll CjLcj-_u 4JU (j • (Jlo'JI £-L'JI 

4 _lSjjJI SjjLLJI ^_Qjjj Lo.ii> .cL\_CLi> Lo_>jj t 4 HjL jLC. 4 _iSjjll SjjLLJI jyklxai 
£_ucjJ 1 jj-o 4 _ujS 4 -*■!jll 4 _>jlj Jj*-i j j-LjJI 4 X.j-_u SjLc. J_>jl> tj^l CiLc.Lil_>j'J 
jlj kUiO (Jj ^.1 (j-Q £-LjJI SjflJ 4 _>L»_j_ujI ^g-LLkll Ja_>jLJI jl cJj\->jJI (J > Lr> m > .Jlo*Jl 
cJLlii 4 ÇjLi\ 11 Cj'J^-L_o J..iLq-j J CC-Lxu jl 4 _iSjjll 6 jjLL. 1 I JjU jkoj .4 ~vljll 

.4TiiLLi (jd j 

Walker, J. “Introducing the Musha, the Double Lozenge, and a Number of 
OtherKites to Build and Fly. ” Scientific American 257 (1978): 156-161. 


Y ^jjJI ol^UaJI (\V) 

ç_ 

^j-_uj ^LjJJ 4 j^.IjLI i _uLJI (j_o Jkldl plj^Jl iCh~n-> iu_slj-L*JI 4i_r>xu_o ^ajljll 

j^l 4x. j-_uj djil> (jHI 4J-u^ljlLI jLjJI Ijj6 .^LjJI ^Lul J i uLJI j_o ^j_~^_>j 

JC-Luj (Çll~S-> 4(jXllj_oJJ i _> XuLlll 4u^JjJI J_C JoLluJI J CC-LxU 4 k 1~S-11 jLjJI 4-C JTJJ j _0 

1*1 , jg p p ^ p , 

pl^JI SljU_o (3 <JU. cs^ : (3jj=*.I SjLUJ 3 

• ^JO-I SJO ^ojljll Ç-Ij /j II J-L3LJ 6 jjij .U-UjJ I 4 1 Q '.j-O d 0 1 \ o J II 

Walker, J. “Introducing the Musha, the Double Lozenge, and a Number of 
OtherKites toBuild andFly. "Scientific American 257 (1978): 156-161. 


YVi 



•Ljudl C- 


lajo^JI Oblia-o (\ A) 

t4.lil_o.lJ 4liUlil i_ulJK^-11 J>-C- CiLoljJ i \j 1 *\ \ 1 1 \ jj -L \ » _ < Q \ 1 ^ \ ^ j m \ 1 ^jJ I L j \ ^ 11 4 I i-s 

ij L> * x^aJl (jj^u t>_91j)-rvJl Ulu .jj^Ij jj^I (JjLoIj jjlu 4 1 te\lI (_iixuujj 

4_3t_SJ J^ (JjLcu. 1I 6J-4U jljjjj 4 (JjLojJI Ijjj j tLu.~sJ.l plj^JI Lx </~n jj-o (Jjl 4-oljjJI 
.(JjLojJI jj_o (_jlflj JjLolj J1 6»J-4> 4.1ill.I J_C.I Sjj^jll JjL~nu-Q.11 j-*t \\.\ .Ljj J 


lajlaJ _u jX JIjl mi (A “\) 


I v I Lj 4H I j5 Lu <j!i Lu ^ I i j Ji Lu j£. &j Lx- L iLk 11 I L& 

.fL^U LoJi Loj|j tgLj 11 (jiJ-uLj_o SjjJI Lmj *Jj JjjjJI .4-uluj 11 

-~ ^ ç- 

CujJI £-o djuLu (jl SjiJI Lmj Cilujjj^. J_Cj t(j-SJJJ jjl CujJI J_C tJjLoJl i_ jLujj 

5# 9 0 

.1 lA»J 1 lA> J IjjLuLo 

SjjJI Liu (j_o Ju j \~v OsS^* -H3 <SjjJI Lau CjLo-Ujjjn. i ilofl wii i ^uLJ-^JI JUJsl 

(jA % j Jjc^. 1 i/^aj J J.-N- 1 11 1 ^ i^ai *i JojjjkJI fci-A .CujJI 4 ^jj*. ^jLflu CujJI JjL.1j 
^jj*. /7ill m^k II JjUkU (jl Lucul Jj^uu .4u*.jjJ Jj^l CujJI j\ ts\ \ IjJ t4_tuLL.uj 

ifi 5 

tj Cxsj^i ^Ls-ul jJ)-L> i_j^ tj j o" m» Lft.Li» ijJjLJI >Lm j_o 4 _u^j 3 4il mft 

L mJI 


Haase, D. “Electrorheological Liquids.” Physics Teacher 31 (1993): 
218-219. 


»Ti~iLS ( V ♦ ) 


„ 0 > 9 9 Ç. Jjj 

.4_LsJj 4.C.jvu jLJ jI £_o J-flj 4jUkjjJ (j| ^I tg-jJL Jujjj ^uJI JjIJ-jjjJI ^ju i__uIuLJI 

Jiflu Lu J^jlll ^LnuI SIjLuoj Jj 1 _i~N_lIj J_ujLLuJ 1 i__sl_fl_L_u^l ij j^s LLll > u_un \ tLj.4>LL 

.Jfljlll 4_ojl_fl_o 


YVY 



o'^J' 


-S^jLLo jJ*. ( V \ ) 

4_flJJI ^Ls jy^-' pLII jA x j kS/m xai ‘Jj^l 4_flJJl lijgj^j t£_Q-flJI j-\_c ç-Lll ,_\_un _\\c 

t£_ocJl (3 ^Lll (j-° JjjJ.1 L-tuO Ulj 'Li_9^ 4_flJJI 4_o_S _\\c ^jIjA juLIjJ jjSL xau .4_juLjJI 
P-Lll Jj-aC L» 1^1 jj^j jjl J| oLflJJI ^_oS J.Vc 4jjlj-^JI ÇjLujI m~v*JI jj_Q JjjJ.1 j)j*\*\ \ /nS 
LolLSj .Ç-lj^Jl Çj L<-U 1 \~\~*.\ j)_Q oLflJJI J_cl J[ pLLI £_SjJ I_slK J”LC ^-Q_flJI JiLxul 

j)_Q Ç-Lll j)_Q (_£1 ^jJiJ jJj .^J-LjoLJI J| P-Ltl j-Q J-ijJsl J^.Jj (jj tikiUI 6 Jj 5> pljj 

.jj^.'JI \__SjlaJI 


Ja (JijiU pLU (rv) 


_1 tC g- jLLII J\ Iujj t J_aJ*!j_iuJI Jj j_K.ll (_£j-QjJJjJI JjLuJI jljC J_C t^JjJ Jllll J”LC JjLojJI 
1 (j*\ jLojj jljjj j tl_a_Q J_iU V J_ajJI 4_jj jJoJI CjLujj^JI lJj! an \ .6 j-luIj-q 4_j»_j_flJ I j_Q 4_^jj^ 
. ^x jjJaJ 1 (Jj LuJ I j_Q j^JJ_fljJ I J-C cJJ Jj t ^ ~s. 11 j_Q I Jj J-Q JJLujj 


Bird, R. B., and C. F. Curtiss. “Fascinating Polymeric Liquids. "Physics Today 
37(1984): 36-43. 

Walker, J. "... More about Funny Fluids.” Scientific American 259 (1980): 
158-170. 


£>* 4 ^4 ( rr ) 

. 1 u-Lflj 4_fljjJaJ L j LL Ljj jvjj^J I LlK . l_$j ^ jJ^_u-\j j J jd I Sj^LJ L 4 uj LjJ I Sj^J I j^Jj 

jL^. j^J .Lo^-jjj Jl_uc_fljl 4 _sLu_q J_C JjL fl_~N-11 \ \ 1 11 S <4jLlJJ jLj j\ x ts\ LjIK U|j 
.^iKj Loj SLjL JjLuJI jLu_q j!^j ^J jJ 4j 1 ^ \ 11 J jLu_q*J-jj< n tLjlu Loji-j». j IKJj_qj 

Bird, R. B., and C. F. Curtiss. “Fascinating PolymericLiquids. "Physics Today 
37(1984): 36-43. 


rvr 



•L jiaH ujLx 


£>* tPLui j ( r £ ) 

5 - 

p 5 l* 1 

i^liJI SjSJI .“.us.„ i Ijl .^J jjjjj J_C (JoLiU (jAlj (jiJ^jjj-LI j-JjJ-lJ (jJllii 

i xJbAull <l_£u ^Jj^JI Sjill ,j_q 4_xjIjJI SjUI i )ijrLfllLaii t^j'JI i i Q C 6jO^S 4 X.j>ujj 

■£ 

. (_£j Lo j-J j!ill j-iVl I ^Jj LuJ I 4J L^. (3 La£ 4JJ.C. 

t 4j*.jj^J1 4.iLojJI SjrLfiJI j-° j^1 4jj LjJI SjUI 1 ^'JJa| (3 J^-Llll jU U| tcJJj £_q j 
JjLuJI (J'J^L. J^'JI Sj£JI 4^jj»_S .Jaijfl-aJI pIjjI (_£j^.^| 1 j£. Lukljj^J jljj^JI JJtAJJjxLfl 

Jj^ll Sj^JI 4 lll/n (_^JJI JLu^flj'Jl 1 _ x \ auj ^4jjIjJI SjUI J| 4 \ n\ \ 1 1j 4jj*jjJ j-° Ojlj 

.4jfcjjJJl SjLjj J 

Bird, R. B., and C. F. Curtiss. “Fascinating PolymericLiquids. "Physics Today 
37(1984): 36-43. 


R < 10 4 jjc Cilj CjLIu (j Ajj( j^ oLuLS ( r °) 

4_xS _/UJj (_£,il1 CxSjJI -LiJjLj (3 (j ^ 3^3 tljjjjc^j (JjLu (_£*^! jjJjJJj JJX. juLflj 
JjJI j j^J 16 4jI k 11 4 <A Q -s \11 j jJ jjj j J J£. ^ajJ Jj£. . L>jkcoo ^gj^JI 0 11 ,JjLcuJI 

j_ojJI &L~n-i1 jj^j 4^jj^JI jj_ISj_q j-Q • 4 _qLj 4 \ /n 4 j*.j Jj (J_3t_S jii^»" j tLc^jLfl-u^ 

LLJI t—fl.Ll.'Ll I j_QjJ 1 j t ^ Lq s JJ Jo j-t-uJ I 4 j juA- 0. J. I j-0jJ Li . 1 .\ 1 xs ^ 1 * 11 ^j j£. 

JjU». jl IjJ ^^j Lq J^uJI cJjyij Li>jj^.j . jjLi (_^1 jLj_ijs-j 4 n\\ 3t j 11 4 j jsAIIj 
jjKJLi .jUq (_^*J i_jLi>jJI \ Jal <n \ jJ t 4 jJ J L ill 1 4^j_-s_ll J'blA j-Q 4 j*.L_ujJ 1 jjUJI 

.4x. j^-uj ^l pJ^jj l-Uis ^J plj_tu tP-JjJI ^_u2 j_q J| Sjj£- 6 jLxlq £jjjj 
4j j j^j j 1 ti i Lfl.iL U dljjjj Ja j_uj L^J j j^j (J-X-flJ L ^juuj (jil I 4 Q ifl jJ 1 uj Lj UJI 

_ _ -$ ç. «« ^ 

.d \ I \I 11 d<^ ^ 11 j.& Ja cJicJI j\ . X . I cLLil_B 4j^»o . J ±au 4_)JI 


Purcell, E. M. “Life at Low Reynolds Number. ” American Journal of Physics 
45 (1977): 3-11. 
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ui J jAP' (*"') 


^ullll ji jjj jjjLi J'jU. j_o ^Ll^JI L^jjjkj ^rJI j_ajJI Sji juj_flj jj_oj 

s ^ p p 

Llii jjjj_ 3 LQ j^J ^-Ll^II 4 U nil jj ^Jii-aj*^j j-c'i plj-$_ll jLu i__flljJkjl j-\_t.u_flj (3 

jJ l Cj l jaJlj (JjLLq (3 (J-fl-^uI (J| pIj^JI j Ljj i S 1 jj»jLj 4 _u 2 LkJ I jJI (j CjIj\ * \ ILi 

(J^ 4_Lu2Ui_Q jj 5> ^J^jJl jjl jj jj .4 _>jLj J£ J*jLl. J_cl (_i| u_Sj^_lll PIj-^JI jLuj 4_uoLlJI 
j\j*.j . ic.juJ 1 J jUj jjj Lii)*J L> Lu jJ j j^j ^ LjJ I 4J L^. 3 j I3 4 4_c.^uJ 1j 4J15JI 3-° 

p p 5 

.^-Sj Sji JLlii jj^J 4 J_C.*JJ jr\ a j 11 4 jjLj J£ 3 ^=*jJI (3 Ji-xu'JJ jUiJI jj-flj 


4j jlj J_CJ t^Ll-S-ll JfLt-U J_CJ 14ia Ll\J g-1J-^J I 4_C JM j J_C £_jjJI Sjl JO Q J_QJ_3LJ 

5 l * ^p ^ P ^ P V, S 

^jjj JJij cJJj £_oj 11 _iflC J_C LLjJ L^.ilo j^_oj CjI jjLkll 4 1 I 1 _ x lcl . plj-^JI 4 (j j_q 


^■L L-ull ^Jo_LU jji plj^JI j Ljj tcJJj J_C 6 j*J-C .ujjjliJI 3 "° -jiu j-C jUaj j-\_C £^j Sji 

CjI_/vjLJI j)- 0 6_/\-Cj ^j! j^JI ( jljJ^-uc'JI J j-y-j 3 ‘Sj'u^ 4 u^j,_L> J 0 x q 410 /uI j 

gJj-< 5 > jLu Jjj^j jrLiu (_£ jJI tJjjjJ jLu Jjj Ji^. J_C Jj^IjJLj ^ J. ñ~\ *J i__Sjjii 
3 CjI jullll 6 J-A J^ (JLqj*J jILjCU tpl_uij| JJ^I jA <nfl n ^jjiJI J^.1 (j_Qj .^uujLfl_u3 

.g 

.g-lj^Jl jLu ^j*j 3 CjIjoijJIj ^jLjJI jjjjj jjjLi jjJj (jjjJa jc J~ufl-q Sj^-Ij 4 -oj^- 



4_JJl_3t_Q jjJij_Q 3-° vilJjj t4 jjIj-^-1 1 4_j^_j_qIjj jJI jJI 5ji ^-fl-flJ (_£jj 1.I 4_fljjia 4 _qj 

j_u (_^jJI (ji-t.u'jJ J^jL^JI -VjJl jLuj ^-fljJl Sji (ju -Lujj ^jJ I t^*\ 11 1 jj—Ij 


4 *s. \ \ \ 


(j| 4 \ iXU ILj .^LuuJI JjJ^. jljjjJI (3 0 Q ^IcJLLuuLj cJJ jj t (JoUk. ^Ll^S J_qI_ 3 lII ^LjjJI 
.jLuJI J^sjj 4 c juj v j ^-jLLI 4 _flLl 5 k p çj \-v tF = pvY £_ijJI Sji jjjj I jljjdl 
LiCAjj tj-oL-s-ll ^Ll-s-ll (Jj^ 4-0.1x11 cjLujuIII J£ 3 cuIj jljjdl jl j-lu jl L\\5Lcuj 

3j t^Luull Jg_gJ J-fl-t.uJ IJ (_£jJ-3lJl i uUJI jU 4 Cj\jjJ 1 CjU*ll^l i X ni^, \ jl l_U^_QJ 

6j-4> Ja-i-ujJl Çjlillj-Llj .-Lut-ujJl CjLs5>LH.I JjJjujJ jjjjj jjjLfl (jjjJaj Li\5Lqj 4jl_^jJI 
Cjljjill 3 Loj J j5k jj Lo5k t jJ-lj_3l_l I (jxuJj tfcljjlj ^Luull (jj-S £-lj-$JI ‘U- ) J- ;:i -- 1 L^jLtU (j_Q 

!4_uu1jJI 


YVO 
















frbjAflll Ujbx 


3 ~C- (jjJajj Lo£ /nfl ^j —iu 4 jjl_ 3 Co ^-^_3 3 Ç ^j (] 0 A .lC-Luu J. C \lu J^u 

^LuuiJ! 4u J.-N .\ ^JJl (J.fiLxu'J JujL^JI ^u^jJl ^>Lu i iL iu-t*. ^jC. cJJJ^ t 4-loUJl 4 -s *\->.*J 1 

£_u^^J 4ui.Lu 1 LuJ j i ^-S^jJ 1 SjaJ Li jxflJ 1 i_ x \ <t\ 11 3 \jj J1 (_>mJ t cJJ J £-o j .(J-oL jJ 1 

Sjs 1 JlU,o jA-uiij J^.1 cJ"° JLiiC.*J 1 (3 jJ^31 

4 K ni (J i j)fl s t^lV-s-11 ^j_o — U| Joi-Sj — lj| Sji JjJjbj :J^_EJ Lua-LaJj j 

.llaLua LLuLj> LoJ^j plo^Jl jLu <4H^_^.l^_o 4_jjljj 


Weltier, K. “Bernoulli’s Principle and Aerodynamic Lifting Force.” Physics 
Teacher 28 (1990): 84-86. 

_ “A Comparison of Explanations ofthe Aerodynamic Lifting Force.” 

American Journal of Physics 55 (1987): 50-54. 


* jUJi j aajjJ (VV) 

Ç- ç. ç. 0 > •' 9 Ç. 

Ojjll ç .(j 1 \ \ (j-o t^cal /7i*Jl jj_o Jj J-xJ 1 ^Lol&l ^LuJI j j-uJJ cJj) Lm 11 jljl 

(_>L£ 3 L^jpI j5 cJj^-oj ^L. SjJbLliJl jc. 4 .A-n_> 4ijj (_^JJ1 jul uLJjI 

^j-uj ji_u jj JjijLfc Ij<u<nj-duLuLo c^Jj juoU^ «(_^jj-o v :jjl_ulujl)) ! jTuji ^j 4_J 

j\* ts *i j 1 ji-o (_^*^! *i! c4x.l_aj jLbbJl i uljj 1 jj-o 1 (jc cJUJl^.1 j 

j-o ^ j LkJ 1 3 [ ct LmJ 1 3 h> * t j>11 ,Jj jj . ^ j LkJ 1 3 \ 4_x£. 1_3Lxu 4^Jj LaJ 1 (J-® J lj ^ 
jJ^S (_Q ts~\\ J^C. Jj-sLuu (3^^-1 <-^J 1 3! (JjLaJl J 1J.fl 11 1 /t\"\\ Lojjj 4(_£j^>JJ 11 

.4j ^^jLlJI jJ^jJI 


UjJj^ .(jUbLflJl ^J-5JjLaJl jj-O JJ-aJl 4_fljJ^Jl (ju L5 >Luj*. 1 (JjLflJlu cJlu-A jl 

s 11 

3 (Jul_aJ3 < ulJ)- -> >J 1 1 -J_>i JjLaJl (ju h> X t A 11 t S'JuJ^.l j jJjt-J' 4-C. j-j j ) dlUuui.'Jl 

£-ijj ilyi^J 4ui-jjj . J!jLoJ 1 jxj a .11 pjuJl 3 1 Jil jjL^ (j^ Lfluku'J 1 Uj5jj . j£j_Ll 

J1 ^jLbLflJI j^_)-Q J^U J^.li_JI Jl lu£.l_3LuU |SU 4i_ulJfr.'N.ll J 1 lTlo 1 J^C. J-fl-4.u*J JjLaJl 

_ __ ç. 

.4_o-flJl (_J_>5 ^^>LkJl J1 ^j 4 j^^-L 1 s\c J-d 

e ç. s 

JjLuJlu 4_ucLL1 J^C.'i! 4_3*_sljJl 4 jJ 1 o1 S_ 5 -flJl j£J 4j^3*^ JK^-* (_^LaJl jjjl J-Luu 

. l_£jjj Jj Li_o 3 J^C^ (S L^J 1 3 J j 1 Jo-^-1 3 lu-fl^J ^! j) 0 JaJ 1 6js 31 4-3 Lui | 


YV*\ 





Davies, P. “Einstein’s Cuppa .”New Scientist 154 (1992): 52. 

Smith, J. “Twirling Tea Leaves.” Nevv Scientist 154 (1992): 53. 

Walker, J. “Wonders of Physics That Can Be Found in a Cup of Coffee or 
Tea. ” Scientific American 256 (1977): 152-160. 


*\ jLkJI oLola. (TA) 

4 1 aJ5^JLll j t4x. 6 ^-fiJI ju J^Ljj^I 4-i'J-C. ^LkjJl Çjl 0 1~». 4 ^jj^. 

L^sLslLiI 4.C. j^-lJIj SjiJI jA-J 4i'J_»JI 6j .^-jllll jj jjj j^Jli j JL 2 JI l_o£ 

(j_C 4 1-A \ ni \ S^jJaJ j-ljJ .6 J JJ J Jj_ucLi_i j!3J <Lr ilUI jj^JJ j^jli jjJ-L^J jj^)Jj 
J^j^. ÇjLo \ m-s II Jj t jL^.jJI 4 _£l1jJ jdjLfilll jj\jjl_2iJI J| 4 \ m \ILj .LlA ^ J a 11 cJI <nII 
(jvJj 1 0 jll (j^jjL^Jl ^jj. J^-rJL (jvj-o l_o£ t4-uc^l x7 \q cjL4)Lj»_jI j 1 (j *n 0 \ 

3 jL^-Ul (jL>s3^ 1 _' \ n 'j \ tljjJj^Jj j_C LoCJjU (jLAjH 1 \Li t (j\J_uC-£U-Q jljJjj 

I (j m 0 \ 4_5jjJULjj . (j\— qjJ I cJJJLLj 3 _fl-xuJI 4_q1jjJ1 3 jL^.jJl J-xjv 3 Lj_LxJ I 4_q1^jJ1 

lj-&^ . (j\_Q-J I J| J3^ LJjlJI ioljJI jL^.J (J-3LJV 3 J-fl-mJI 4_q1^i_JI 1 _ X XAUJJ i -L~i\-j\JLj 

. 3 L=^.cJI 4_£lL3 4JjI_Sj_q ^_LI_H_q (£I j_c 3-J^j- 1 /Mfl^ll 


V jLa.JI oLlio. (r“\) 


3 c^j^'JI LojjJjjU i_jj- 2 kj 4 _jjc. 6 L-s_j*JI 3 3 ^j^lLI j^jJJ Ljjjjj-LI jL~*.jJl Lli-L*. 

jLjUI ^L^-jI Lo^J ^jLjj.^ jLjj ^ \ q 1 -s. ^-q uj_i--N- \ Loj 4 \wn j_^_\ j_c ^ilj 

(Jjj^. 6 ujLoljjJI J_C. jjjj 3 ^UI (_£_ 1 ^J 6 J^j^j-L 1 CjLoIjJ l . 4 jIJ 

4 _£lLJI £jLuli tdLljJ 4 -~s_uj_g .^^jjfc.'JI j^s_\ l_o- 4 il_iJfc.| (juicijJI i_ 1 iJ-~n-‘\ I 4 -O.L-n-II 


4 0 2_j_qjj ju^. J Q l j^>-\ 3-c J_qju p(_^u J ^j .4_ojij-LI 4 _cL~n-1 I LLL jjj j i LlLI 
1 _ xx ‘ss \ tcdJj ^-03 .IojSILI 4_Q.L~s.1Lj 4j^)Lq_q 4jI_L\JI 3-° ^rLlfvj I 4c jjj (jj*.LlL 1 3 Ljt^-- iJI 

.t—s^jJiJI Jjixsl JJi 3 (jA *j 3 _q 1 (j <A»j ujLo.L-s-11 jjjlI L I j^jJJ 


YVV 



•L>a1! i_ 



6I 3 SjJs oJ J-i jJ 4jjl J£_tiJI S ^J7 \^ \ \ ^ILoj ^jLL. jJI 4 o 1~*. ^ILo 

jj ^JoLLo J| (jLLl> 1 0 j 11 LrLLolj jJJ (jL Lfl. l*s-11 j)I j j11 £_SJj t4_B_LJI L xjj J_C. (£ J^_o£. 

S " S s 

ojjJI (3 «4-fl-LaJI jJ^s 3 -° 4j Jj I- 0 -* ^jLlJI J| Ijj-^-® > t^-jLLI L^-ls 

6L>J>*JI 3 ^Jj j.J»! SjiJI ciul^ U| ^ljLois .^LL-jJI 4JLL3 4_j_qLq'J1 4^j^J1 LLL CC\ t4 j 1 j 
t4_JLJ»l i__SjjJlJ 1 (JJa 3j .LgJ 4 _lqLq*J 1 4^JI ^jl uC\ lj t4_a.L~s_l I ^J7\ q*\ \ \ t JjLILI 
6Jj=Jj J_QJ ‘C^J^^I (3 LoJ>ljj=J jjjj jl (_£j^JI J-O LojJjj^J (jLLxjjJ 3^^ ^P^-LaJ 

'c£>=“^' <j-° 


YVA 











j^loLIJI j ts\ 0 II 




SjUil(N) 

iJj*. Jj Jjlj-uol (jjj-u^JI -n <Ao^ jl-jj-Ll (J-a£- J-o-Xj Sjlm-LI (J^-lj Jjj^jJ. 1 i»_L)j-jAlI 

J l~S-.l IJ jj'JI ^Ulc J-LC ( ju-q'JJ 11 Lj J L.Cl1jJ 1 j^Jjio {j£. jl j J'JI j)-0 jl -L-i-'-U.' plj-$_ll j)-Q 

^.un^il j^jjla j)C 6J-A u_Lij)-'N-ill j-Oj &j_&Llij jJl /nJ jjl Li\5Lqj . bj L~sJI SjLo 

J-Vc. jjLucJI Oj-usJI . 4u*jj_Q-q jj^j 4 -oj-q_u^-o JjJI jj^j ju^. ^L^j'Jl o L> 111 jJI 

^jllJI Cjj-ucJI t JiiLj .IjL^ (J-C.I jj^-j 4-o j-q_u\q J_JI jj^-J LoiAjC. ^_jLu^*J1 4_.qJ-i. 0-L> 
gllj j.'s. J1 CjIj-uCiLj 4 (j \ w7i 11 4_L>u_2i-JI Cjl j-uj'JI (Jl^ 4_sl_u£jl^ (jJ'JI jlj-j-> ^jJl j-Lsjjl j-q 

. 5j L-sJ. I j_Q 6» \ \ ^ (_5^-9 ^-q-uju Lq -ilc Li j-Clo IjG L 


dUj-ua (Jl ^LdLoj^l (V) 


^gi-cLa. u_a v JlL.^l 


£-o_iUj cJj*J Ilibj f dJ j -iJ-i LoC. j)j jj^.'JJ 5jl (Jjlj (jj I jJjj du j-u^lÇ . 
lJ.\5Lcl> j . ^j Ij-$J I (J-UuOjll I (J-C 6j*jLc 4 -qj^_qj^JJ ^g-o L>» JI (_)j-u2>jjJ I (J 'JuL. j_o cJjj-u^ 


J_uj 4jI_lqJJLq cJLlQ_luj ^ q & :4_Jllll 4 _£ujJcJLj i s'Jlui.'Jl I J_4> j_q cLuO u | j-Q-'s-J1 

4_iLL> i _ x lcl 4CU j-ucJJ ^jIj^JI (_jj_uc>jlll JuC ! J-cl 4-o^-o_^JI L^Iilj j JH »1 ^cJjljLu^Lj cJ-Lijl 

5 

^j^j Lq j_4> 4_jLsJJ L^j-o (_jjJ-Sj 4 jujiJ> V * * j£- Jjjj CjIjJ jJ Sjj-us j-C ^ j^u jljj_4>'JI 

. J J jJ I 4 ts -\Q -L \ q Cj Ij-uu 1 5j j-uu (J_C 



•Ljjdl C- 


(j iLaj,aj (V) 

uj jl i A xJ I (3 luliLxul Loiju jj ^y£b Y Y ^A\.\ J J^)j J-C. I C4> 4-oJ-ojJI Jj^-uJ 

J-ud^j Cj V J-ui_aJI 3 Sj^^il 4 0 .\ S jJ 1 (j\_uj^j_Ll^ (j\j^j!l jjljr\ 3t /nJ .djJj^ jJj£.|^jJ (3 
4.LA£. J£ (j\j dl£jj*j!l j)-o IjJJ ^j-o-lAjj Sj\»u:i 4^ ij^3 .d-jlfl pLkjjjJlj JoLxjjj!! 
jl\5da> j . d n 1 1Ij J[ j J£. LtuJ I ^UAc. jljlol J_C. J-Ejjj Lj Ij}_u-\l ^tjjj Lo ^ 4 (_£^j^1 ^ 

-g 

^sjjJj Lo L£jjL i lA. >^j_o dLc. JJ^ j!^ I ^a~wi ij jjL j Jj I^-u^j! I 6 j-& ^ J-UO _0 (j_o J-CL-n- il I 

^■Lm n *\l I 1*1 \. \Cl1 /ii i " \ * Sl i CL ^ i *1 \ iS> \ 0 \ /7i \ i *1 1 . \ . \ 9 \ ç. \ c d \ / 11 1 /i i jj 1 1 1 6J-UO iAlLO 

.4_fiLC.l_uAo Lfll_s_ud jljjj Jj j)-u-vlI &Ju-u Jl^ 

j)^^-j j)! j^Jsl (j-o^ tL^jjl <Ac J| u>^wiilj 4 L^jjC. 4j^-~n- 1 1 Lj jLj^j^j. O-oLfl lj| 

J| 4-oA <A djJj-Lll Jj J Sj^-^^-LI ^jLu^j!! Çjjl <Ac ^yl i jLxifl J_cl 4_oJ_o jJI Jj j) 6JuJ 

4J£.LjJ 1 J 4jjJ jjLu^jLl 4^J^_L1 ujjLuAxJI i x lcI Jj^.(_^ jJI (j)Lf-ujjiL j LLo Lo jjs. 

.(jjJjJI J| jij^-u^ 4 jLx1J 4Jj^Jo ^jljjl L^j-o Jlojj 


Oster, G. “Muscle Sounds. ” Scientific American 255 (1984): 108. 

Oster, G., and J. S. Jaffe. “Low-Frequency Sounds from Sustained 
Contraction of Human Skeletal Muscle.” Biophysical Journal 30 
(1980): 119. 


J Cjj-uzJI (£) 

(jLi L^j^^jJ 4_0jLiil (3 L/\-*J (j-oj!l ^isl^ 3 4u*.^_o ^l) Jj^- ucJI 4 j^.^_q JjJjLa LoJ^ 

^)! J~v (j£. JjJ^-udl 4 j^.^_Q jii^ X \ .(_jA\_ 0 -\ Ipjj^.^ 4(J-Sjjj 4(J 11 *\ 3> \ \ L^j-o 

4-a.lLAll jl^Jsl i_ a\ nñ .4_ojllil (3 l/\_ij gjjj S J-uuJI (3 4jj*LLLI 6jL\jJI (jj! t Jj-Q-uCi_o 

. 4..\.l_urd 1 4ji.^l L\ 4j^j LLo 4 x ‘\ 11 4ji. ^_oJJ 4 -0 . Ll A_o 4j^)j)-hi Cj I jGu* 

jn^anm £jlLLI 4_fl^la 4ud^j^ uj^Jj'JI u|AlJ cJJ^jjj ^jJI Çjj)-udl 4u^_o (j| 

(3 I i<^>0 \ uj J-~N-j lj(j \4^^jLjJl (_^| ^jjidl u_Sj-kJI J\C A x iA 4 0 A~\o jjoj m .Ijjj^. 
dljjilj h>i <A 4_fl_Lj-o ^gjj_ \ 4 0 A ‘\ L1 fcjjfc Jojj-LI pl^-^JI £_SJj .4 1A 1-j ^l t h> i <All 

u_s^)-L 4.LALA11 (J-ujj (jvu*. 1 Lat—o I yvjLj (JjAjj 3 I L\..\5Lqjj .i_j^jj*11 (JjI.1j j^-s.\ j jjLc. 

.UJ^jjjH 


YA * 




Oju-Jl 


^ jy\ Q11 i SjJaJI jI-lS oll j-k- i > (Jjial <_jjjj'D L ^^-coLjjjJI JjJ-JI jj^.J <LlLlS 


Jj)J-JI Jajjj ^jJI 4-la-iAUjJI 4J jLxll ^ J ^ V n\'\ jl ijjjl l j| tJJ jj 4 ^jlo o c__SjJa jU ^ 
<2Z, = tiA 4JjL»II j_o *Jjj 4 jI ^jju Ijj^ .L i_jjjj'JJ ^jLLl (Jj-UL> A jLjjll ^.^.jJsl 
(jujll lj 1 q % 11 jjCl jjj j tL' = L + 2D/3 0 >t2Z, / = tiA 4JjLjl 1I ^l jJJI ml Lljlc 


. (I o'JI 4 J 1 J LsJsl ,'yCi aj-o qj5> Lq-q 'J-jLs (li I 


Troke, R. W. “Tube-Cavity Resonance.” Journal of the Acoustical Society 
of America 44 (1968): 684. 


Jiu^ll JLJ ( 0 ) 

^_sls tjjLJI c_sLJl g-lj-^Jl Lq_q j^I 4cjjj ^sUI 1 _sLJI g-lj-^JI 13 ljj-iUI J-Ejjj 

LjLujaJI (J-ucj ^j j-oj ij^l ^jjjJ^JI cjLcjUI L/njj-o jj^u i^slJI pIj-^JI 

4c j. UJ 45 ijs-J I j-Q LjJ-uJ I L» tS '1 ja_Q_> Lq J 4 ^ J\JJ 1 j.-S-> j_C L^J &JJ LJs I Cj Ll> jaJ I 

Jjju tpLLl 4j^.jj j-Q lijl g-lj-^Jl 4j^.jj jj^J sj-uJI iJ-ucj lI *j^I 

JjI pLLI jji jL1qI 6 j-J p-Ij^JI SjIjj^. 4^.jj jj^j j| tSjljjJI LjUjj ^ JSLEll 

4jLUI jifs. C (J-C SjIjjJI 4j^.jJ i >'J_OjI (Jo x wnj .4_fljJJI JJj JjJ g-lj^Jl Sjlj^- 4 _zl.j J 

g-Lo.ll ^jl^JI ^_UJI jn*Z. x.\ jjj ^j <g-LLl 4 jjLj JJ-3 U Jj->-' > »-> ^jcV! 4 ^jjJ-LI 4jjj_uJI 

tJ-fl_ujV! Ljj-uJI 4j^j_q SjIjjJ I 4j^jJ i )'J_fljl ji\ \ » un ^j i 4jj Lj (J-C*J Ljj_ucJI 4_r*. j_q 

4 _sLu-lq plj^JI jjC, 4_Cl .lS j 4 _fljJo jllj Ljj-lUI i x lcl J-fljjjuj 4 ^j j-qj .lUIjJ I J*\ ibj 

4 (_J_oIjC 6JC (J_C 5 Jjju 4_SLuj_q J_c ^j-ouxJsl Ljj-ucJI 6J-<j J-qjJUj . pLLI ^ h> m jyc. Sjjju 

_ p . I . 

.SjIjjUI 4j^.jJ i_j'!_flj'J J_xflJl ju U3U*JI j-oljLOJ 4 VI I Sj nJlj LjJ-uU I JLj_> jljC j_C 

** 2 

.LjUjJsI LjLojJLoj 4_ujUJI 6Uu*Jl LjI _/JL) JjjLj J^_ujJI jjCj 

^JCI Olllla (“V) 

U /i) >1 jj)5L> JJ .4 _Loj_2k_o Ljl j\-ll Lflj 6JC (jj.il jjC i_jj-flJL> LjjJj^. (jjJI 4-jj j-u-ill SJJ5>LA11 

. 5 p 

^LjJJ jo^Ijlo <iUi_>l (3 1 _>(j > JJ L> 1 X JI (_£jjUI (__s5LiJI 4 Q > U (3 ^LjJI jjl LjI j\ n \Q >11 6 j-A 

4_>JjviJlj (j-fl-xoJI 4_fl_iUL> 4_ujJlJI ;>L> jJLs .(j-fl-iuJI (jj-~%JI u_s5>1Jl1I 4_fl_iL (3 Sjj-^jJJ 

jJ_uC-q ^JjC (jJaLVo.ll (Jj_u3jJI jjQ jUj'JJ i_jjjV!l Lj I j-ujV! 1 ^ ‘> oV n i 1 > 1 x 11 4_fl_iiaJ L> 


\A\ 




filj L-ul ~*fcC 

jlallil jl 4 .a51xu (LilxJI 4-fl.ikll <3 ^LijJJ Oj-ucJI J-t/\> (j\_^. UJi >4-*-» . Cj j-u~~l1 I 

jl 4 AI O X JI fci_& <dJj £-OJ . jJ-UTiil (jC IJ-L3LJ J-fl-UJ jLl ^kjujjl jJJjk (jC Sj-i-3LjJI 

.Cj1-4)L~n->*J 1 (3 4_Cj-o-^uJ.1 Cj-ucJI 4 Ci 1 -*■ j-u-Lfl_\ jl L^-I^-oj 

jj!^-j jSU <Lo jks c—i-Lni J-C j<J-u'*iiL\ LoLoj Cuo-u'U1 4_fl_iaj-o J-iL~s-> (j\_^, Lol 

jA. /n 0 j 1 4 u^.L^. (3 jj^»J Ll^_S tujL^L-s-^ jll (3 iJ-Jul dj U Luj-q J-C. Lcj-ouxlo Cj j)-u~*ill 

4u^jj (3 u-jjL5_)l jj^.j j-o--\-> jl IjJ ^jjjJ i 3 UL-\(j /7i ^jJI 4JUJ1 61 J-A i^ .u_aJlLk-o 

CjIJ 4jjj_o 4-o-L£lo <J_ujjj ^iljJl jjLk jj| .(_£j^JI u_sjLiJl jj-o (jj.1 x .11 f-juUI (J SjIjj^JI 

-g ** 

J-fli clj^JI Sjljuk 4Jkjj Ciik IjIj .(jJijjn jji Lg-cLfljjl j_o JJ-ojj (_£jj^ c. Luo.\ J£-ui 
1 —sl^ jJS -1 l~n- \ Lo SjLcj .^j^j'JI jjC. 1J \ X j 4ui.jJ.I ^.Lrs-i > 46jlc. JL^Jl J-&J ^^J-fljjj!! £-0 
(_£jJ £-Lo_u> j!^_oj 4 4_u£j_fl2i_jJJ oljjjLll J-C 4 _uCiLL. 4 ^-kuJI Jj-3Uj £j j-u~ilI j_o 

4^J-CjU oL^jil cJjlLS £-0 j!^J .jJ-u^-ll (Jju^. 6j-U^ 4 u*Luj_o J-C. Uj(j it\\ £_sl-lil jjLLJ 
p bj Lo-LSj 4jljjJ 4iLuil jj! tj^jjjl ^J| (Jj l/^ljJl (^ ub I 4_U^ji Ji~N-il Çj J-UO.il jjLi 

.O-c-ucJl j-o 4 0 Lj o cJLiib ,n j j utoil (Jjj*. 2/-*-° jks 1 Q<^>\ 
6jIjJ^- 4-r^.jJ i__S-S jjj IjrLojlL \ 0 | ^ * ^Lfljjl ^JI^ 6 JJ> Cj j-ucJI 4u^.j-o (J_ucj (j\_^, 

(J-C (juC^jll Lbjuk. (J-u 2 lJ ^**\~V jJ_3ulI £-0 pJa-U ^’Lfljjjll (^ IJjjJ <(jLLcL-L*>jlI jyC. plj-^JI 

e s ç. 

4-JU.Vjl J_3Lflj J^fc nC\ L^J*J 4_fl_kiil 6J-4 j (3 SjIj^JI 4ul.jJ jljjJ .1 jLojliS 0 * j-2fc-j ^lijjl 

4_flj_L (3 4 \~s nifl \ aJI j j_S 4-3U-u jll 1 _ x lcl j^Lu^j-oI ^-i\ . jj-uo_uJI j-o 4jj^jl 4 \~s mfl \ vll j jS 

4-O.lL j-O J-fljJ 4 \ ~S XU-fljjJ 1 J ji 4juujj I jA»J ) JI jrL.jj I j-0 li jjLfc- ^-Cl-2 U Jl\ I 4 (j J jJ^! I 

. ^ jjj-o-uuJ I 6 j-o-uj uj 1 n li^S I 1 *\ x Li 1 11 1 li I J_4\ jjjJj 4 (jj3s3^ 1 
(J| 4 jjLj Jjjuj 4'\C. 6 Jjuj-o ^-i.~s-i \ L^jli Lsj^JI clj-$Jl £j j-uTill 4_aj-o ^JjLflj LoJ jC. 

- - - - 83 ç. 

4-jjjkll 6 Jj-3lJI 4-L^.j J-3U 4jj j-ucJI 4il_kJI j-o j\ x ts\ jl J-fl-o (jj_tu ^_fl -11 \ j!j .j^jjjl 
4_kujI jj 1 ^ 1 1 i/> 'rt |j ç. Lu 2 ljJ I jju 4_s 1 k 1 1 6 J^ . 1 (juj J\^ 11 JlxuuI I ■ mu j^jjl| ^_J | & ■ \*s 

Cul^ jJ 4-\ x i jiI JjLfl-ikj 6 .jU^JI oljL^fljjjl 2>C. 4 j^j1jJI CjI j-uj'J I ^Lo-uj j^-oj j -j^-JI 

. 4_u Ij-o 4j jj»J I u_Sj jkl I 


^LjJI aljil (j<i<fc jJJJI (V) 

! Cj J-U 2 J I 4.C j-uJ 4Jj Lo-o ^ L) jJ I 4.C j'-U jk- 5 ^J L _0 4uJj-ucj Ll u_LuC-3U j 1 ^ LljJ I ^-lLlUUJ j! 
jj5j 4^L)j- 1J jk Lxi I ujiL^JI jji J_cjlJ cjj-ujJI ^Jji ^LijJl jl j-& £_iljJI (3 Lo 


YAY 




Cjj-usJI 


9 P ç, ^ , s> 

Llc .jmj £_qj^_j J^l JUllJI (J .d <n J jj^-S (J-° 4_u^_u^JI 4-iLUlI Ja .X q ^j^jC. (J i_x wn~M Lq 

.^4_lS ^JLus ^-LjjJI 4x. juu 4_^JLq JjJa^ L ;>!_> jJIj ÇjjxrJI 



4*JI K tu ^jC. ^J-fljjJl £_Q Ç-lj^JI SjljJ*. 4u^.jJ J-flJ ^.Lijl C—xlc.1 3 

i__SjJ^-JJ . ^jLLO-CJ 1 4 U /n I^J jtju Li_Q > J-C. (_J n J^3 ‘ L)^S ^I 4 U jjU I^j ^yu Lu*JLj jj ^ n\\ 

(j-Q 4-S.LU.iil 4-jjj)-u*JI 4_s_HI ia-oj (jLJ U-iJ tLij^l ç-lj-^JI (jc. I J-Ut \ Cj j-u-JI CjI -*■j-q 

t11! I JUuJ I J (j^-xo jj5> Lo^ j Jjj (j^ j^J I U jju 4_U_fl_> J Jj j_q Cu Ij j J-u'Vo 

^ULLg J1qj j-Lu^Jsl ^jjL^. J_c. 4j^IjJ 1 jULlil . j>LJ JC. (jJil jLsLj dLlJj 

.cjj-uoJI jj-Q 4j I > 11 jA— ujj j ji j!| I (j >s ^_Q-iuj *i! (jH 4-jj j-u^Jl J*J_UJ1 







lxj .^Lfljj*Jl ^-q jljjJ j>U jJI 6J-4> 4-C.^-lu (jLi t^Lij dlLlA (jj^J 


‘^L jJI 4x. JVU SjLjjJI jl LLc.*J 1 (3 I 3> <^llj tl_L^_ 2 \_LQ ^LjjJI 4C.^-lUJ Cj J)-U~J I 4X. J-LU 

(ju^LsII i_jjL~sJ1 (J-C. ^jj-u^ (J_U cJLIa .cJllll (JlcJl 3 4-viiiI 4 j^_jjjJI J_C. J-u~l^J> 

.4 i/~\ 0 mII CjljJjr\JI Jj-C. Ld j-u^j^. t JJaJI 4_S_Uj-q j_^_j Jjj^-j Cj ^_ucJI A > \ (jU <^L-i^JJ 

4-LU1q 3 Sj'l- 4 J^;*J»s t^.*JUl cjI j)-u^l cJJj 3 Loj 14_JLsJI cjIjj jJI cjIj cjIj-uo^I LqI 


YAY' 















g-L)^.iflll y^Sl C 


kii t 4j^LojJI c_aj^JL ^jjLlo^ILj 4_L_u^XI 4_JLxJI cjIjj jrLll -JLH 

CjljJjrLll ^jjQ ^^il^jJlj i di j} is\ 11 6 J jui SjL)^ (3 ^Lj^JI ‘_ U,I|U liA^-J^ ^ Ij 

.<JUJI 



oLj-uaJI (A) 

6J--S-11 CjIj CjI j-uoLil-J l_fl_Q J_a_jl CjLsLxLO jJ_C. L^_C.Lq_LU J!^_qj Sj-aJl 4 1 S~\ 0 \ Q CjIj-u^JI 

^j^5v_>^ t4_)^) J.2 *. 4_sLL J| 4_sLLJI x \ JjrsA> vCjj-ucJI CjL^j-q J-a-L 1 > Lo.\i> .4 -jJLjlJI 
6 j -lj^ 4l^.Llllq ^Ll-\-> ^2i_jJl ^ (j-fl-^*jJI .4_JI_jlI1 CjIjJ jrLll ilU. (3 £\j*uul Jj)^-~ H iJcjl-q 

i_jLj_L(oJI j-ls! 0 iS> ^J-o-JLj Lq LojIj i_iJ- llJI lc$J ^ t^)J^L'^-ll jLcLil L&^)Llllq /\j>j J-l 

JUlj 6JC. (JLj-qI 4-sLlllo J-C. L^-C-Lo-lli ^ja J^LjJI jUi ^ *>» 0 ~L \ Q 4_u6-1^ J_C. 

.^jjl 


j£ Ja ^a- m JI (^) 

I j^J^ k jjj ^j£. £li_>jJl ^_q Sjlj-^JI 4 j^.jJ (Ji-j t<-jjl-jJI 4-jj.-^Jl L_ajj_kJI (3 

^ 5 

^J^-ll) i )ji 4^1 ilI Cjj-ucJI CjU*.j_qj .^UJj'JI £-q pIj-^JI (3 Cjj-ucJI 4_c jn-u (Ji_> i xJ-llJI 

> Sj-'s- 1 ) i aLkJJ 4 _)L^_j (3^5 tCjUU^j'Jl ^joi (3 g;jLjJI J| jj_i^JJ (j-° j*uU-J-J (_/£^^)'Jl 

^ o 1 / ii jq ^ I cxkLlil ^j^I^) i )j)_lo (J-c.*J \^ Laj'JI pl^-^JI i x\ jjx\ cjj-u^JI CjL^. ^_q 

.JL^JI 


YAl 















t J.\-P»llLI ^j^ L) s5^ lJLlUI 0 1 n\.\ q 4 h> jjj Ijj j i x 11 (3 4_-nA il I Cj j)-urJI CjL*. j-q LqI 

t(j<Cj'J1 jC. IJ-ULJ i_S j-~S-*l \ Lu-xil tjJ-uUJ j_Q CjLt5jl_2k_l'Jl j n)**\ j*JL> I J 1*13 

.(j^cj'JI h> <n jj-u^jJI (3 LoLoj J-txLfl_» SjLcj 
CjI j-uc*JI J_iiallLI jj^ 1_5 3 1 JL-UI j 0Ltii .\.o ^lvu ( \ ) I (j LjjjU jI jj*. I jIL j 4_qj 
CjUj_q 4JsLLi jj5lj IjJ t^j^j'JI (J_C. plj^Jl 4 _sLj^_j 4jjI_£lq 'J_\Jj jil 4ilj^ ^j pIjjJj (3 

Y ni (J_C. jj JJ- 2 *.jlI Lk-C'J 1 1 ^ \ \ \ J-LlI CjJ-ucJI CjU.J-Q 4iLU (j-Q (_jiI CjJ-ucJI 

^j j jjj^. j-L I (j<21 ni'J 1 Loj-u 14j j La 4 o ‘\ q (j c\J-\ LlL I jj^ Ij (j j^j Ltij_\ I (Y) . j*J I 

jj_UQJ 4 ..\.LqC. (J_Q i \ X t/~\ \ l_Q J- 4 >J tC jIJ-U-*\*J 1 (J_Q jA^ (3 jjjJ_Q_i_Q j JJJ^-i (J^J*J 1 (J^ 


. p Liijj_iijJ I 6 C& i3 cii*> LlL I ^j^ I j cjj-l^ 


4jLjjJI 4^j-at 11 ^JxUalll oj) 4^)11 (\ *) 

5 g _9 

Lgj5Jj_U jLjj^.jJ.1 (j-*-Lj LlLx-s .ja u\±\ 3lj_q (jjjj-L~i\ j^jjj j-uci (jdj*j_Q jUJLi\ jLsjJaJI 
4^J-JlJ I 5j IJ | dcj . j I (_£ jj_uj_q j_C. (£ Jj_ClC. (^j Jlau_q (3 4^j-t-gJ I jj (g \ Lq J*\C (_£ jVJ I 
Lq_&1j_U cjj_ucJI 1**\~^.j_q jjjuj t jj'Jl (_^j \ /11L jl j_q (_£jj-lu_q (3 jlijJoJI j**\(g \ iSjjj ^uj 
6 J <n 11 (_£ jj_uj_q j\ \ > \ (3 jj jJ 4 ^J-ulJ I 6j IJ | t—JJ-LUJJj . j-C-l Lj j_uJ j L~j*i \. \ Çjjj^. * (_£ jjCJ I 

.CxsLkJl (j| £_fiL\jl1 Cjj-ucJI j_Q 

Crawford, F. S. Waves: Berkeley Physics Course. Vol. 3. New York: 
McGraw-Hill, 1968, p. 532. 

Zarumba, N.; R. Hetzel; and E. Springer. Physics Teacher 21 (1983): 548. 

laUul (\\) 

QQ /nllj jlj J--S-11 j_c. j_Q JII^ X .\.\ CiJ^lLI j_Q |Ç\ X \ \H Cj J-uO. 1I j_Q pjj^_S .*J : jJi> i llJ-'N-l 1 

tSJ-~s-ll 4 _\JLc. C\LqJL\ CjIj jj^-J jl g-1 aujJ 1 CjIJ-uc 1 (jj_oj .4 _ucLucj_q1 ^jjJ ^jjLJI Lq1 

CjLoJuJI CjIj olj-uc'JLi 4 jjI_£lq 1 4_^jJj L^_ucLucj_qI ^Li CjIj-uj'JI 6 J-&j 
‘Oljil j_Q J^l JJ-*J JJ^jll ^jLucJI jL^jUI CiJ-uUI CjLoJLi ^jtlSx \ \ t4-.llc. f-ljjJ .6 J--S-11 
.4x.l_flJ1 Cil \*\~v j| 4 jj_ucj j-ucj (^^ jil 4iLU (Jjj j^jJI JjJ-Vii. 1 1 J(j \j 


YAo 




-L>j-L£l1 I L-ul Ç- 


lj (jl tcillj £-qj 


£_q (j-oljuJLi SJllll 4 Tu\K I Jju jjl >_ l'l-n-I i i j\U P Jcu_i cl 

.4x.l_flJI Çjl (3 JJjLi (JljJ ^-"Jl t4_fl_il_ujJI 4^KJI 4 _iL^_ i 


(JLsLlSjJ islisbO ( 1 V ) 

4.C.Q-i^_i ‘ 1 (g\ JJ -°3 SjLLI 4,3LlS jj_Q ^J-C SjLq (g\ Cjj-uJI 4c j -\jj _Lo1jlj 

4_q_l3 ^j^c LucjJJ . 4_S LlCI I ^J-C 4j j jl I 4_q_lll3 J-uc LL jrlJ I I (_£j LujJ Cjj-ucJ I 

jj-Q _Lijj jjl j<oLuOjJ1 J_i jauJ jLq_i . LqLq_i 4_jjj_qJJ jJlL31_i 4u| jl t4_il__xJJ 4_udiLk_i_Q 4_ijj-q 
4_ijIi_q.i5>_1I 4Hj_i_ij S J-i J-oJI 4 i 10 . *\ 0 n J i _ x i u\ i j_r2 pI_ajj_uj I JaLLJ.1 .^JLi j^.-s-i ^J-C 4Hjjj-q 

.jj-flJ 1 ^J-C 4 _iJj_ucJI 4 . 3 LLJI j^LuoLoL j) 1 o. o nn jyLi i_lTiL k. 11 Li-Kj 16 JjJlLLI 

jjC jj'j-'J-JLJ J t (Jl l_uO.fl.Q_ 1_Q ClJ-uO JLclA..1 1 ^"lC juj_J jjl_Q nM 1 (jojLLI llK jjl Lo-1 

9 

Jj-scl JjLiTJLi (jtoLuojJlj -LLkll jj-Q CiLfl-ik £_uojJ tSpLfl^u 4_iujj-uo.11 4-iLk.ll Jj_uc^J 
.4_iIL^_jJI CjIj-mo. Ll jj-Q J_iJ-sJI (3 4_i_uOj*J1 CiljljJ-fli'JI cJ_LsJJ 


.3 / \ 

p-jj I q H ^JLouILujI jju Cj j-^UI (\ YJ 

ki_~sJ.I jUJL 4-i'Jc. jjLxi_i*JJ 4_Ll j^JI 4_i_uO-flJI ij 6 Jjj^. jJJ 4_i_i jj_uo.ll ÇjliklI CjL_ ijU (_>u_J 
L^-fl-ik jjl ^aCjj .L$jLkijl jl l_A_L<ii j L\ Q oj J1 i~*.*JI 4 -Li 5\ 4 k /nl jj J J-oAi Lq_i|j tl_£_i 

L^_i kti^j-LI ^-iJI J ^lLJI u_Lij)--N-i jjLi t^j) J(j 11 1 ni*i*i jjj I 4 JL>b ^ ^ 9 -^ L^ Jk_i ^jjjrlJI 

jjJ Sj-mJI CjLj)"i<i 1 q j-\_i_i_ij j-cijJI J *Jk jj_Q ^uLfllil j^-s-i J_C 4.i-Q-31jll 1 CjljJjrLll jj-*-i 
4-O.ikll Jlc Çj j << 0 II 4.iUj _ilc iCj-Lt^-J LL 4_^_iLxlq 4_a_i_uJl jj^_ij .L^-xu-flJ CiljJjrLll _/\j»j 

t4-\ i^ AJl j^j j,.\\( j 11 CjLL jr^. I_ic p-lj^JI (J ^l j-o i iL.1 j 1 ( 3 11 Sjj 

tCjj-ucJI 4 j^j-q J[ 4 w<i 1 ILj .p-lj-^JI J 4uC jyju j_q j\U il(j 11 jLc (3 Cjj-ucJI 4c.j’ujj 
CjL». jU JJjJ jj^-i t^-j j-oj .^j^jJJ (Jjkll J_C 4 _q juxLfl_Q 4cj-u-JI jjLjj JJjLll (jL 

.plj^JI (J 4 JLq 1 (j 11 (J J-cl 4 / 1 1 fl 1 Jjkll Cilj 

Tibbs, K. W., et al. “Helium High Pitch .”Physics Teacher 27 (1989): 230. 
Van Wyk, S. “Acoustics Problems .”Physics Teacher 25 (1987): 521-522. 


YA“\ 





(jlj»S»-'‘j & jjULcLs {S £) 


£_o_uj Ijl -4 a_i^_ u3_l I 4 '~>Llll j_o J <Aol ^jjj^LsJI 


jj iJj'JI LO-U^ll 


C j"JuL11 Oj-ucJI 4_1 _iLj ^_Q 0 ♦ >£. (Jij SjrLfi jj iAc (3 (JJ^-*J-0 £j J) (Jjl ^ 0 I ill 
J-u^liJI jL^ Ijl LoI .1 \ \~\ c\ _/\_jLjJI j j*\ w 1 ij cjCLll Cj j-coJI (2)-o j m*\ X \ 11 CLiJ) >s\ 11 > w» 

j_4j t(g£ ts> 4i_uo jj jii^ X.ill Oj-ucJI ^ildl >o_luj_lll3 cjj^I jl 4 _uLj J__o 0 * ^j_ojJ1 

j_o O J_ 2 i_j Lo i i wm 4 _j_qj5jI Jil SjJjOll Çj Llu li.Xj*J I . j\I)L11 £j j-u"ill £-o JiliJjj Lo 

. 4 ijfluJ I 4_a 1 L> 11 (^j^ 1 ^ I 


Blum, H. American Journal of Physics 42 (1974): 413. 

Rossing, T. D. “Acoustic Demonstrations in Lecture Halls: A Note of 
Caution.” American Journal of Physics 44 (1976): 1220. 


pS\j£j(\o) 

(_^LkJI ^ill j.jj (3 Sj^JI 4_udiiA_j-o cjI j)-Ln1 jjJ(J_c. Ijjli jjij ji jLiJI 2,)! ^ij 

(2)-Q j\-X_ucJ 1 jliJi 11 I(>loLc. i _i wm 4_jl * 11 6JjJjuo jj5L Cj 1 j-uCi'J 1 6 Jj 5> 6Jui JjLi t4_j 

^^jJJ JjJ^JI >-> lS J^JI l_j-luLjjJ1 ^CCj c^ill J| Jjl.1j dljJi-JJ (_£il1 fJj-$J1 

>J i_ Sjjj.'s. J1 >-0 CjI yuLj Liul .jLiJJ (_£j_iJ1 i_ Sjj_~nA 11 4.iA-All jLjlj'JI jLIj £j j-ucJJ 

4JU (3 «Csju^JI S J-Ju J_oJ_JLj . j\Jl_ucJ 1 LjjLi 6 JC-Llllo L^_i5Loj jJ j <l-jjji_j 6Jj^j_a jjlj 
j2)$L\ J^LI jl ji-Q cJjj- 2 b_J Pjll (J-C. Ijj i J JjrLll £Jj -0 (J-C- ‘(_£j^J1 (J-o1>*J1 (J^ (_£jLxJ 
. (J_C.*J1 CjljJ jrJI J-C. 6 J-loJI CjLjjJ_lU _0 (_£jl_U 4-uAo_'S_*J. I CjljJ jvJI (J-C. p1j-$J1 J-O 

Llj-gJI J-O J 1 iji-0 cJj J-~N- \ jLiJI £_J_Lu_LUJ 

^jj jl L^j_o ^CjLjJ'JI j-o J_iC. 4-la-Lul jj JJjrLll 4jJl_C. Llj-u^l (j.U-~u jl Jj_flJI £_jJoj_luj 
L iulj iu_Sj*J1 jl ^ill c-jj>o 4_u*J1 1 S j\ x lJ (jCJjJ 1 ÇjLol (j nJ (J'li. >o dli 

cJ _i^1 (3 1 _' \auj \ (_^U1 c^-LuuJ1 j'-c. (_^j1jjiJ1 cJjJ-luJI J'JJij-luI (J_c. SjijiJI (J'li. j-o 

.(J-C.1 JJjj Cili 4j jjL 4_uj_u2i CiLoJL 

Bartlett, A. A. “The Mouse That Roared?” Physics Teacher 15 (1977): 319. 


YAV 






5AjjC iLoiu ( M) 

4. lCl^ 1jjJ I CiljJjrLllj t^J^ll 4 \ u i Ltu*J 1 Çj Lq k .\ 11 j_Q 3^ j-Q (_£jJu-Jl T-u, L-s-1 1 jjL-Li 
4 -qj-1A.i_qj .4 i /nL-gj^ll oljJjLll 6J^J 4 pliLC.1 i^a jc SjLxC tl_£j 4 _uoLLJ1 

LgJ^Jj t4 -U>J)-lMl1I CjL^.J-LI 3 6 Jj-^jJJ CjIj Jjr\Jl Jm-O-^S J x /7u mj 4u jviuJI j j^l/^jJJ 

j-u~jll (j-Q Sjj^jJJ oUjJJ 6jj> ^'j-cc'N-o jjc. SjLlc ,jj)5L> tSjjj^- jjIjj^.Vl> 1_3j_>I 

S ~ Ç- 

& LUlxul ^jr^-i jLll 4 _cJ\ >*J 1 p, lA x q J 6Jjj^.j_q Sjjlll 6 J-4>j J (j 1 \ > jjljiJlj 

j-q ^jliJI Oj-utlII 3 4x.j-o_cu_ll SjAfl^ll 4_u j-um.1 I CjLoJljJIj .4-Jc^.IjJI CjIjLuu'JJ 4 \ 1-^-L. 

. jjliJI CjljJ jJ ^jc. 1 JllI 1 i__S_>L^JI 4-C.Lo-uj 

Rossing, T. D. “Physics and Psychophysics of High-Fidelity Sound.” Fhysics 
Teacher 17 (1979): 563-570. 

Stickney, S. E., and T. J. Englert. Physics Teacher 13 (1975): 518. 


d-LUzJI jU^JI iLu^uzJI «LojJ^JI (\V) 


4_qJljJI 6Jjij .^jjl 4uJU 4_o-i_i ^Lo-^j ^LLi Lq SjLc. tULo jLL>_>j_uc jG-o-i_> ^Llc. jLc. 
jLo^JI i__sjLc. ^_iul j_c t l> jL j 4_qJlj jl ^g-fijiJI jA-LLi.ll ^_iul 1 \lc jli-i.1 4 >6II 

f2^ fi jljJjLll Lo^J jLllLumLII jLLoJLJI Ij|j .^\V\ t ^Lc l_^_i_ucj ^jJI 3LA jil 

jlLLJI £_Quxi j jl LuL_>l Pj_qJJ jUau •(/2 -fl) C^jj-^l jj^ jjjjJ' t>J-LJ' Ij^ j j £. wn i 
.4_>j X ts~\\ ^jc^-l CjL>jj ./11 q jJc. jUTI j-Qj 72. f^ — f \ (_gj \ /nll jJc. p, n i ^ L1 ^g-SjiJI 

t4_> jCuJI j j'Jl^^t-LI 4_QjJju-L 4. lTuL-1 1 JLC. 4_>U_LujL! I j_C. J-OJ-3LJ ^g-SjiJI jllTJI Ijibj 

«... s 

liL lt*. I Ç.lll 1 I jL. lAj ',\ x j . 4. lTi-L.1 I 4_>U_Luj'J 1 6jLi_i 4_i_3L_i_ij_i 4_i 1 m l 6j\_S jr-fc.ii O \ ~v 
N * * * j jSjJb A * * j jJjA A * * Ciljjjr\JI jLc. CjI j-ucsl j_C jLVi 4_J Ijj^ ^ 0 s u J J-Q 
CiLo-i-J j-Q J-> J_3lJI £_Q_tXL> jl P-J-LI Jjji-Q-> jj^-JJ t^Lhl j i-JJJJ j_C tjjjJi N Y * * J jjj-& 

.^jijiJI jLJ-laJl 


Hall, D. E. “The Difference between Difference Tones and Rapid Beats.” 
American Journal of Physics 49 (1981): 632-636. 


YAA 






^UaJI <J etiAJI (NA) 

4jj_11 j-o ^jj j11 p-Ij_^_11 jjjo j’\c ^yuLiu'JI (3 oj-ucJ1 1 u\\ \ .Li\jj t_jl-Li \ j l~s-1 1 pLiJlJI 

S Jj^jlt ^4 -JJJ-ltJI (J1 ^*_uj 1 1 L ~v 1 \ lc. jlLiJ 4 'niC 1 ^_&j) 4 jjJ-U^H cAlkll jyc. 

2 9 

J J.~s_I\ J Jjj (J-C 4_jj1j^JI CjLuxuJI jo 4 ixu 1 m bjj) *s~\ j-C 4_j j-Jj_iJ1 4 _jj 1j_^J 1 4. w^_0.11 j 
Cj 1 ' s *- jl 1 j/0 4'0 0 1 jj 4 1 /H 1 /H jC. bj 1 < f- i ** i J u^> 1 1J . 4 \ \j is> 1 1 Cj LiJaJ 1 1 tli J 1 J Q ^ 4 L. /n 1 jj 

^ujLujLII J JjrLll jj^-J tC.vl."S-> tj_cL!1 4 \ Q <a 1jill CjIj JjrLllj ^ojLuj'JI J JjrLll p. jJ^. \ 4_j_ij)-uoJ 1 
Sj-~S-L~sJ 1 j -0 jj5l\.\ (_^jJ1 J)-U'*lll <_£jjJJ JA-C. 4_\JJ_ucJ1 ujLfc.jl1 J\_ 2 LJ Lo.\.VJJ . (_£jjL!l ^ 9 -^ 
^jj_ucJ1 (£j llj 4_ucLkJ1 (jvjjJI CjljJJJ ,_j-o 4_\jjiLl1 CjljJjrLll jj^_\ t^-flJlj ^j_3tJjJ1j 

I 4 I 0 tjjUI j-O J J-3LJ jjljill 1 J_Cs jlijj Jv~s.11 ^jjtl 1 ^jJalfcUJ J .Lfclj-UJ Lq_o j_c1 
jj-o Jj-jj-u-Lj 1 J^-Jj t^ j j)_urvl 1 (_£ jjJ 1 Jfj-Tu £_\ji\j 4 _vj j)-urvl 1 CjL \J-~J 1 J_1 (_£ jiuu_o i~s.\_uo 
Lvllx. ^jv<oj j)1 Pjli (J-C. j)j)*\ \uj tjvjjJi 6 JcLu-lo •CA-i_>ll j)C j_Lul_ll1 ^jj^-uCjJI 

ICjIjJjtLII dlL JjX JJ)Q <o~s 11 4_3L-0 _ujJ ~s. 

J-C <__S-Sjl1 IjX jjJjLII j\C- ^_\ >11 (j1 (^LojsJI (_| ^LjJLII Sjj-o (JTvojj 

4j V Jj dllA (j 1 a 11 ^Lo-~S-11 (3 .(J 1 11 ^Lo-~S-ll ^J^-Ujl (jvj jJJ)T\11 (jiJjJI j)-Q 6 JC.Lt.LL0 


. ^_CL l~s_l 1j ^-oLo'JI ^)1 J-~s-ll (j\-J (V) . u_siLujJ1j 4 _\_uCj'J 1 (jo (^) IijAJjU 4 \ /nLujl Çj Lx L~s- \ 1 
jj-o .^jljj*. 4j1 J_C jLvujJI jl ^Lo-~s-11 ujLj 4J-oLjl-o £_o) lA-\jj1jsJ1 jjj1iJ-~sJ 1 (jo (^) 
UJJ-^J t^jljJJuJI jO (_^1 (jo ^JJ-ucJI (jljJI j-o 6J^1j 4 ^.j_o pLjj jLd\ 

J~vJJj j)jj1 J-~S-11 JjC (ixLuCjl (_§ jlji^l 4_3t_uj 1 (j \ S jjlj ^jJ 1 ^-ucljll) 4 l^j 11 jj-Lv\ 

IjX (_§ (JJjLuj'JI JJ jrlJI j^J-O (_§ (4_0 J_3LJ_0 j1jjX*J1 4_3t_UJ 4_\J j)j5v-\ (_^jJ1 £— upjli) 6 J 0 C 
jjl~v\ 4 jLL\ 4 J jj^-j (jojLluLII J J jLI 1 ((^-fl_3t_uC)) JjC ^jLill ^J-Sljill J JjrLllj . 6 L~s-\*J1 

L I lL-OJ «(j-^-jll (Jjl~v11 J-C 4_0 J-LLLfl_Q 4XjVJjJI (_£jl_UJJ JJjrA—11» 4i5J_3tJ 1 (J*Jui j_oj . j Lj J 0 Cj 

jj^V \ JJJ ^j-u Lu)Lli JJjrLll ^j^jll (Jjl~J 1 j)L LoJc t (jVJjJ 1 CjijJjJ jA 3t \ \ jjjjJI 
jjjrLo u_S-5_llJ1j 4.\_uLijL 11 (jvj 4 -SLluII JjjL^ 1 jl_S . (JUuj^ l_3lJ 1 (J\ L tM 11 (jvj 4 _sLuj 11 ^_£L3t_uC 
j_C tjjjX AI, 0 ^Jjj JJjIj tjlioi 4_3Uj 1 ^ojLujLli J JjrLil ^j^jII (Jj-Lvll jj^-j tLij-o 

.4_\jL\J 1 (3 IjrLo VII ^Jjj CjJ-ucJI 4x j-uj jl jLiicl 

6J0 3t 11 (jj^j C^jJI ^-U^^ll (3 ^—‘LI\ L!1 Pjll (Jx t^-ul_ujL!1 JJjrLll SjLjj_uj 1 (J^-1 (j-OJ 

5 p p p p 

JJjiJI .jLjJi ujjJ (_^1 ijjjljJsJI J-^-1 ujjJ l Li\ (jl pjll (J-C Loj|j .j^jll ujjJ (_^1 i4_vS 
4 0 l~s*\ 11 j -0 I^jjLLLujI j^_oj (_£jj*L! 1 4 \~vjj-11 4j_fl_s 1ji! 1 JjljJjLll iJ ^3 ^LUI ^xsljill 


YA^ 





^)i_LuO-q^ ^-fiJlj £—uo^-Q L^_1 q i(J- qI_^C. 5_\C J-C. Cj^-uUI SJ^o. Ju\~\ >1 . 4_\ j^^JJ 

-O ~*v /7l I I ^ I \~v \ . -N / n 1 1 ^ ^JJJ l_^J I 4_l d-LU I i ** >»>Q 1 1 ■ < t iS\ \ ^ \ 1 1 I ** ' I tS/*Tl \ I I^J < ^ ^—' I | 

JLl\ ^stui J ji (jKii ^U-jl 4 J J\ ^LLji 4 ^jj| 

^J-C. 4_J-qL\JI^ 4_3l__J 1 _ujJ l^ 4-3LJ I^jJ l^ 4iUUI 4 \ Q <a I^lll oljjjrull ' 4 LjJtJJ (3^5 . JiJ3 /Mjll 

$ m . # 

^jSj > 1 ~N -\ 4 JLUI 4 X \ \ lo \^ .^Lcl~N- 11 (3 ^jSs LJ (_^ill (j/OO nill ,J-Q L^J 6 jj-u 2 J-uoU 

iA^.1 J ^jtiSx \\ -li J-C.'Jl 4ui_aljill olj JjUl (j'J 14~\ \c ClSjJI J 1 (j K 4li'JiJI CjUL^UI 


1 \ 1 * * 


Edge, R. D. “Physics in the Bathtub—or, VVhyDoes a Bass Sound Better while 
Bathing?” Physics Teacher 23 (1985): 440. 

Walker, J. “WhatMakes You Sound So Good when You Sing in the Shower?” 
Scientific American 253 (1982): 170-177. 


i-A-ai A11 (j-C 4 a h\ ‘4 dli. (\ ^) 


(J^ J j-vTi~\ \ \ 4_\_\j-ucJ I 4-3 LIUI ^j'J t plj_$JI J 4_a_Q_u_Lj (ju^. 4_\1 x 11 


Oj-uUI 


.dl_\_\jl J| Cjj-uUI ,j-q 4_\1 x 11 h> \ tt\ \ pji^. J-uo\ jl 4 ,\ ni_\*\(g II J_qIj_3lJI J_qjj CjUU-jj!I 

llJ-Ud gCLu clL~s_l I jJ t ill Lc. l5J-U^i ^ mj /n 5JVL) Li-Q I_ x a\ o 11 4 3t lo <} J_C. tUj JI ^ / A \ (j\^ 

Jli_i I _ x nii 11 (3 4_i_ij_uUl HLLJI I _ x lcl . io \--s_l I Ç-lj^JI ^ iSJ_UC> gIL\ UfLo I _\ <n-L 11 (3 

i_ x JllLJI (jo J-u^ljJI ^tJa-aJI jAc. J^sIjjJI ^-IC. Jc. 4_-n_\1_j 64-qjI_5-q tJLlii Jj! t4_LLlj 


Jl^ CjJ-ucJI J-Q 4_\I_3l11 jUo\ JI0 Q JLHlLi ^c-Q_m_\j 4_i_i j_uO.ll 4 UJ 0 .ll I \IC-1 jni 3L_\ plj^Jlj 
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. I _\ \ O. J \ </Qjlll (jli IU I \ ni O 11 J-Q 4_i_iJ-uol I LiUUI tjjjl 0 1 \ \ 1 _\ \J .plj^JI 


j-u^JIj I^jLA (Y ♦) 


.J-C.I l5j-uo gli \ t( _^JjJllll £_uc>jJJ Lii l_3t— q 4_iS i_jjiJI £_uqj jjUi (_£>U1 ‘(^) iUJI 

iS^- lO 11 Lo jjiij (Jl i_:ijil ^LS ‘ j" (] 11 lamJI Ijjlj 

!jja.Sll jjii jUjll i_jj^-1I (j n^c . jl^ (j! ijpl ini" ji (jSll .jOll 1_ jjl^. .^c-l 

Heller, P. “Drinking-Cup Loudspeaker—A Surprise Demo.” Physics 
Teacher 35 (1997): 334. 


YV 





C)JJ<flLll ^J-JUI 5Jjlla (V \ ) 

5 

6j J LuoJ I Cj j_ucJ I Cj U*.j-q ^Jxtuj t Cj j ‘S\ 11 4X.j^_u jc Jxj 4x j ^uj 6jj UU I ja_U.\ Lq J*\C 

jAX Cilj^ l3 J 1 U3»n 6 jjLLJI ^Lol g-lj^JI CjL\j j-r*. j_3Lcs_\ Lq jj3\j <L^-jxl£Lj SjjLLJI L^-lc 
.^g-fl-LaJI 6L^U*JI (3 ‘Lix ^ 5 -qLq'J 1 6L-s-l'JI (J LjjLSj jj^I jj^U j^jll Sj^3_q 

(_^1 plj^JI CjL\J jj- 0 1 W tu J_ucJ1 4x J-UJ jj_flj 4x jujJ SjjUaJI jr\Jc>J (JiAJ 
<6jjUd1 I \-~s-1 4 _j_qLq*J I l__slJJ*J1 j_Q jaJ^ (3 4_j_q j_ucJ 1 cjU^jII ^J-^-j <£-Sl^Jl (3 *(3 ^Luj 
5Jj LkJ I 4 _Qi_\ 0 Q j\c LoXJjJ ((jjjJiUa (jA-J-3\_uCJ-Q (jJjC )s~\ Q (3 ^_QJ^_jJ I Jl^ 1 (j K (Jj_QJJ 
j J-£l\ Cj j-udl 4x j-uj j j-Cj 4x j^jj-j y\_L>_j ^jJI SjjLLJI j_oj <4 \ x \ \ lU j . JjJJI J*\c ^Ulillj 

i _SIjrJ I JIjILa I j_C j\£ 1 43i^a-toj <I 4-OJ LH-q (_£ jJ 3J <1j-$-lI < i1 jla_ucU I j_Q j-L^ 1 

s 5 _ p 

4-u^LL. j jl_3t_Q ^ J~s**\ mmj < Cj Ij I Jlx'J I j-o 4 ~s *\ ~ s >.*J I J£cJ 4 \ \ x q CjLqj_q_ucj JJ-H-j .4_\_qLq'JI 
4_jJ l_3fcJ I SjIjjsJI CjU-J j J_cl-s-\ J_C. 6j J Ls jj^_\ 4 -s *\ ->.*J I £_jj_ucj J 6 jl \ x q jA-C. j!j_qj 

. J_i3xsl J*L /7u 

^_S jJ < (jCJj'J 1 j_C Ji jj^. jJ.I ^-OJlxu-II i jj_uc JLoj'JJ jL i\_q J i<^> 11 j 1**\ -vjlI J-ClIij Lq3_u 

^jAicLlj Lx j_3lj .JUl. J^ulj g-lj-^-11 Ux — Sj3Lkll 4 _qjJLq jc SjjLucJl — J^9*JI 4^j-LI 
Li> _i_3i_j ^aj <Jj 3JI j_Q 4_\3*JI 4_o J-unll JjJj^. £_q (_£jjUI JaJLubJI jjJ Lq J| g-lj^JI U x tr\ 

13 JU*. ^Lfljjl J£ *\c. (ja_\j_q jjL^JI Çjj-unll dJj ^_o-mj Ij^Jj .4_uU Sj--s-\ j-CLjJ j 

. JcjJLuijJI 

Hodges, L. “What Are the Effects of a Sonic Boom?” Physics Teacher 23 
(1985): 169. 

du& ^.CnLx» a^jd (rr) 

1-C.J_Q-<.U_Q J\_UCJ CJt jA_fl_ucJLj 4 3-0)1 Cj j-t^ jlj--s.ll J*\C JJ jJ.1 ^ J ~S 11 jC jJl/A Wl) 

ja_ucjJ ‘4-CLiT>. 11 (3 LJljjvu \ ^j <4-jL-3lJJ 4_JLc 4_uj-uc 4 0 \ U Sjj-uj J_c 4_j1jjJ1 3 

>> 3 " " * ^ 

4-jl 3t 1 1 JaU jL\Qq C.U-S-**\ d jL-JjJ 1 j j5v\ jAu^. . 4 _uLjJ 1 j_Q j-UJ^ (J jLi. (3 ^ J_Q-J-U_Q jAX 

CjJ-ud 1 Cj U^.j_q 4x j-jj i_ x JJJ 1 \**\**\ mj < jxi \ \ \1,1 Jj jJcJ 1 t_U-u^-flJ I dj Ln ULiH/n < J-uuJ 1 j-Q 

^J-LU1 ( J_c'i!1 J JjrUI Cj13 Çj J-udl CjL^.J_Q Jil 1 \ <ljfl \j . JJjrUJ ^_3LJ_\jrU1 j J-~S-11 £_Q Ujj-U 

. \U JJjrUI CjI J CjU-jJ. 1 j_Q 
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Crawford, F. S. “Slinky IVhistlers. ” American Journal of Physics 55 (1987): 
130. 


\ .ijj’iII (VV) 

p ç. $ 

v2jLa.jj» jAi 5. I (JJjLoSll j K * (ju l^ 1 1 4_S I i*!-v q . d o '0 U 4^ji_L> ‘ j <s^\ I i q 1 \ ~s. \ 

P s a 

Jjjll n\\ ^uKJI 4iUi. j-C. jjicJlj .(jli-jjiLc (jlijj J L^U ^P-II <Y,* 4j=fc.jjJI t «jOjJI 

.Vj'j Y, * <L^.jjJI Lou «jyjJI CjUkjJ)) j-o 


Rossing, T. D. “Wine Glasses, Bell Modes, and Lord Rayleigh.” Physics 
Teacher 28 (1990): 582. 


V djSjnt^ll jj ñll j" (VI) 

ç. ç. $ ç- ^ 

> \-~n_ \ .j%^sl j\ tSS \ plj^JI JjaC. jl (j-Q jJL ^"\ Jjj_ucJI JJjJ j^-O-'Ñ-1 \ !j_o*JI i_jj^. 

pLLIj L$ <no) tJJi j La_» t^iTvlI (j_Q j^l IjTs cJj-~n-> jl jjjL^J l jl_\~^. cjIjIjTaI j_c 

. JJ lS\ 0 II (j-Q _\_S jj Lo J-4>J tt__sl_lJxLI 

Rossing, T. D. “Wine Glasses, Bell Modes, and Lord Rayleigh.” Physics 
Teacher 28 (1990): 582. 


(JXJj^JI (JJ ljLixuLujI ( Y 

4_s jjU Jj LcJlj jxj 1 jj^.'JJ t0 ) 11 Cj'J lj 4_>jJjJI 4 i 0 wnjll Cj'J'J 1 i \ lcI j_o a 11 (J_c 

. 1_lu*J I J JjrvJJ 4 ~s \~s ÇjLi-cl lUti Çj-uj, \I l_£_J ^gi-X-o-j t4_j_fl_aljJ diljJjJ CjI j Cj-uj-J 
CjIJJ jrLll Jj^. 1 £-_Q jl 1 jjj.0 \ j-Uj p lJ-<-<-i 1 4.1 l~s-q jLC. CjLc.I_Lj| 4-jiuljjJI CjLoJljJI 6J-4jj 

.4j niLuJ^jl 


AjUlII ^jxto (YT) 


j\^I ( J_uc'JI Cjj-Lri.il ^jil JjJaJI jj^u (jl t__\-~s-\ tt__slj£jl jlj-Lo-i ^J-ltJI 

£ ** | jj, 

t-lo j-vjjJI I j_4i Ç.u~s_*\ . ÇjI n \ \ 11 j^Ij_Q jlLo-j (jjJI t jl /?)*JI (jo ÇjLiL lllLI j-Q 


Y<\Y 



Cjj-usJI 


#5 5 

6j-5JI L Jj-Li Çj_im a jI 6 J-uu ■_«/»<LVi>j t,~'j 11 CjL^*. ji. ^iL_ujLoILo CxlaLu C5 1 ) Jeb 

(_£^jil jl XA i,i ( J_ua‘i!l JjJLll ^ fl » iA jJ-C. ^yiiljjJI JjJLll ^Li I_1$-1J .JJ_/UJ ((4 _>jIjJI)) 
IjjLxJI ,-ij ,^,11 ^_c. j A ■ ji_9 i4_iJ_uo'JI 4 j_1_Ju 5j-o 5jJuC Cj_ 


Rayleigh, Lord. Nature 8 (1873): 319. 

Rinard, P. M. "Rayleigh, Echoes, Chirps, and Culverts." American journal 
of Physics 40, 923 (1972): 923. 


a .A. a A. II JLaJuJI JLlLxj (VV) 

jj S ^ 

j-vIiTiiL<a j (_£j_oj Oj-u^Jl J Jjj (byjl-L 4_»j-vxiil 1 jb! I 4 \ /nl <n% Cj^LslL* 

jjj 5 

4 i /nl in^ II U^JLujLlS (J\_ajj tjjjJC. CjIjLii cLo ^jLulll I x II Çj L ila-Lo jjnu 

^ I 4 J Jj > O 5 J_<iu CjL JpiiH O jlc. ^Ol.CL'L- il I J JjrLll CjIj CjIj-uc^JJ 4_j jClJI j'bU 4 \ \ / m *t 11 

& * * 

1 _ijli-o JJj-i tj-JjJi 1 _S*J1 u^*Jl V jvVJ L^_jijjj ^X-O-uJ I 4 \ nil /n^. (J_uO_j .4 is~\ 0 ~L t o 

jl (3 C^-u=JI ^jj-uj-o jlc. IjJ .4_i=fcjLLJI (jj^Jt 6 LLo.> (j^UJI (j'-ijJI JJjrLl 

.4-tAi.fl-^-JI 4 _oJlLJI 4_J_5lj (^y-O Jj < J-Jj\j_uj'JI 



Fletcher, H., and W. A. Munson. “Loudness, Definition, Measurement, 
and Calculation.” Journal of the Acoustical Society of America 6 
(1933): 59. 
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Rossing, T. D. “Physics and Psychophysics of High-Fidelity "Physics 

Teacher 17(1979): 563-570. 
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I. Q ' U' ^ - 4X.J) J-g1 ' ^ l< 1 6 ~i_l _LC 6 i^JLlO CjI^ cC j i i-c. c ^ I 1 J IIII ^whc_l 

•» . 5 ^ p. p 

4Jluu^jJI (3 JjjLll Jlc ^g-3t_o_tu Jjlu ^jAuuul lj| tjjl ^l J^-lJ jrLo 6^)1 J_£lq ^JaJ 


CjLs'J_3lJI 4_>J>_q j_Q Ji i Q~\ nC\ 4_3j_fl_ucJ»l ^.lo-tAi J_>5 Lq_i . JJjrLll 4-tA.0--N.iJ. I 4 _lj j)_uo.ll 

.^.UjJI Lwn^ i—j^Cj_LI ^g-O-Lill <J| Sju^)_Q 4 _q ju*. J_u6 J J-3lLLI Jjl j-\5LqJJ 4uj^JaJI 

5 p 0 * 

CjLi5L.1_qL1j J 4.iLo..l LA t(JjljJJ ^J^jJI (JjJ-i.ll Jii ^-0-1 ill jlc. ^Uj*Jl j-Ajr\JI j-LlO jj^ \ /IIj 

.oL^ll 


^jJLuxijXI (\l< iiII (Y“\) 

jj_Q J-1 jA»J (j_Q 1 (g A 3LJ 4-L1j- 0JI j\-ulu_3lJI (ji_) Jj'J-UCi J-O-C. J| (_gj-vuull J-fl_»J I Jj-Q_l 
^Q~fc- J-C 4_1 j-vuuJI 4uj jJ I 1-J JC-LuU tjllll J \ \ t H J-C. . jA » 1 jC 1 (g A 3t J 6 J 1 » \ II jvc^lu_3tJI 
. jjjj-Q.il ill 4_uul_uu J-£. Liljj ^uJI SjJ-U^JI jljC J-C. IjAj lu Jj-Q 1 A 3t j 4uu^JlJ I JoLfluJI 

5 P p p ^ p 

ç-^Au ^uJI Sj jL~s_lI ç-lj-tAjl &Lnu 4 i /nl /n^. J_<ul jjAj jl J| 4 jjjJI L i^-ii > LAul 
^ujj-uo.11 jlJj^jl J-o_3tu tjulluj .Sj i x j 4_sLulq J-£. fcJj^jil JJ-U'lllu 4ujl_fi_Q £^fl_Luuj 
(j_Q L^_A_3tU 4uUj-flJI ^g-flU-UJjil 1 /II II uuLo-iu cJjjl jl J-tA-flU I *V 1 3t ~i. \ 4_flu^Jaj (_£^\UjJI 
^uJI AJ^-'N-ill Ju jLill JJ ^ . (jA 3t 1 j)C. L^_A_3tU 6JU-3t_ill CuLoJtuJI jjjju jjl J-C ^jAstU 

s * ç, __ p i 

J-C. dljju Lq SjLc. J^ljJl i slu^6j-Ac ^uuTjl CuLoJtuJI jl £-o_tuJI J-C. Juu^u*.I 

(J-Lll 4 _Ju_q'J I (jiU j-QJ . Juj-uujl 4_fl_iA Sjulj 1 \ lc. (jlluu Sjulj jAlj S JJ j-q Lgul 
4_uulAJI JuJ)-U~U I 4_fl_ilu SjJlj (j-Q ClLoJtU A'J-U j-Q (jOc.^-Q-rs_Q Ajc jl Ju*.^ tl ^Ul IIIJ J 

P ^ S p 

Cllju Ijli . j\_flJlA_LI j\ 3t A n 1 11 I uLu». j-Q t_flJuA_Q J^-N. I J_C ^O-tAu ^uluuJlu i S Li\ L 

^JULLUtJ t l_X-Q Gj F jiJ t IJLq Aj E 4_Q_3tuJ lu jiUCJ>iLQ t j-QI jjJLl B^ D 4_Q_3uJ I L_S j-3tU 
^Q AUU lll Louuu DEF ^uLiill j-Q J_cl 4uu^_u^ 4_fl_iA J_C BAG £uljjJI j\ 3t Q~W l 1 1 I (_^A_3tu 

.DEF ^uluuJI j_Q ^jjl 4_fluA J_c BAG ^uluuJI j^jA.1 


YM 





1 1_&> l_£j J^jj ^jJ I 4 ~s 111 j 1 4x111 J_C. 1 i A \ 1 J> cC\ x j J jilJ 1 4 _x_xxjjjj Lo jLl 
^jJl £_j*j1Lj Pj-Jl di\5v— clJ t4_l_uc>lydl 4_ujljjJl 6J-4> Jj_u^Lflj ujJj^.1 4_Sj_X_ 1 JoJl 

.Ll4> 6 Jjjj 

Deutsch, D. “Paradoxes of Musical Pitch.” Scientific American 263 (1992): 
88-95. 


^isllaJI c-uijj JjjI {X' ) 

jj 5 2 

4_sl_ui| Li\5v-oj tLo 4 _ClA~>_q (J ^lj^Jl jKJjjJI (JjlILj jljjJjK j)Lli>j-u^ (jLLo».j_q 

ç. 0 5 iS 

. jO Lta Uj L\ 0 O 4_X_UJ J_C. Jj-u'Vs-Ll ^jjL.*J 1 Jl^ Lcu5i1_l^J (jo j <Ao 11 Jf\"\ \ -*■jll jy\ J X nill 
4.SjLxllj (j\JLcv_Ll ^j_Uj g-LU ^-"Jl 14_j_ij_ucJ 1 4 j*j 11 4 L~wnl jj 4Jj-qj~v_ 1 1 4-sUoJI jLJ 

. 4_sLuL'J I jjjK jC- 1_4> Jj Jjc»_j Jjj»j_<-uj 14jj*. jJJ 

j\_0 .Ll-S-O Lo^-I-XJ^. j!^_OJ tJj^-Sll j-Q LcubJj^-l (JLJ-Jji (j'_DJ-U^ jjJ\J_Q LLqJ>L*\ n)l IjlJ 

4 LLJ 2 JI JljJ . ^JJxrJl 1 Q C- Lx-uj'J J*L 4 \ h\ pl_xJ| (3 (jLaa nC\.\ Jjx\-~^. \ t JJ-K.11 ^ 
4-LLt.u-ll CjIjLajJ 1 jxjLlS jj 5> _£LUJ 4-Lx-flJ ^LLLj Lq J^j tjjj-CLLI (3 (SJ^ 4-uj( jS 11 

Lq_lS ^jAj <g-lj(j 11 4_uj-uo.11 4j3jI_X_LI (3 j-oLj Ji I ^Lx_uu| Jjj^j P-Ijj 1 x \ /n 11j . jj j\5Lq.11 

J| 4 \ jju. v 1L)j .4 _Kj_^_L1 4jj_JI JjLjl 4_uJ_ucj I jjLucJsl j J-~N_Q i \ /M jjl_UJ 4_0J_ULQ 

C.lLLs Ls x j> 11 4jj j-uo.11 4LjLx_LI j j 5L> t jj-K.11 ^ O]LQ jlIjLoLo Oj-u^ (_£j\^_q 

Ijj jLLq 4jjhjll 4-x-uJl ^jjj = 4-sLK.ll :4_JLJI 4 JsLLxJI £_s1j j_o 4LLK11 uj-uijkjj . ji_ujJI 

4LjL xll j^SI jj ^slC. I^jjfc.1 6jLi-Xj .-Klj j_0_uj ^jLuj j^!l 4_sLKlI .4 jj j-uo.ll 4_SjLxll J 
plj^ll 4 jjj_ucJI 4j3jLx1I jA Zi jl jKjijj .ç-lj^JI J| 4 sLK ^l jLx_ti| J| (_^4 jj 
jLs tZi/Z 2 = 1 4 jj j_ucJI 4JsjLxll 4 j t ii j uluL Ijl t jv5v_q.L1 4jj j-urJl 4Jj Lxll j_4s Z 2 J 

.Z 1 /Z 2 = 0 jj^J KllL^ jj .jlj 0 q ^l L^j_q jjj5Lxjj j ^Jijjj 1 (g K 4 jLKJI 

Levine, R. C. “False Paradoxes of Superposition in Electric and Acoustic 
Waves. ” American Journal of Physics 48 (1980): 28-31. 


j-C. O j-u^-11 6jKs ^_1C. jajj 4_u» 
6 jlK & l Q*\ jLC JLflJ.> 1 j_4j Lflj^ j. 


* t r ?-'^?0 < 3 ^ <->“>?■ ) 

■ u/i jjJ I 4jjJvjJ I j I 4 j I JjJ I (3 jK-> talS p jl I j I ç*-Cj 
Lq jLs t4 iAK \ L1 Joj_x_ujJI (3 jLxJI jyc. JLfljj'JI 



-Lij-loJI LjjLiX 


j-lj^ j I jiLa Jj^.jj 4_j^! ‘ js\- ClA- >-l 1 h> x t7> 11 ^ fJj-$-ll oM jjj-'n-II j-Q 4-jj> j_u < *Jl 4-4LLil 

. ^4_pj)_uo.ll 4jLkll j^4 Jj 4_qj 1_£lq 4_jjj_ucJI 44jL3lL 1^ 4_uj-uoJ1 44 jLjlLI j^ljj ^JC j-q 

4jjULq Ij-\_j^ £j j-u 2 >JJ ^j^jJJ (Jj-L-JI ^lj Lq jLiJI j-\_c t uJ~a j.-s-> ^j_c Cj j_u^II \ \ 

^ jtLq j j).i> N * * * bj IJ-S-Q L>» ts> SsC- j .plj^JI CjLujj^J j-^JI jLoill L*wnJJ-OJ 

j_Q jL\5v-\ I J-4>J t j\flñwn ^ ^ * jJ^Jl jLaill h> JLU jJ-0 jj^_3 4 ((_£jj^. h>» </•> ^ ^ * ) 
. Çj 1 J\jC\ AJJ-XU N * J_ 2 i_J jJLJIj jXJjJjJI jjC jjLucJI Cj J-U^-ll ^JjjJJ JjJaJI 
J-UJ-J-H J_Q (J-ÇLl 1 \ 4_iJJ_ucJI iiliaJI J_Q (^pal Ij JJ jl 4- i-CL i-O-'N-ll 4 l*\ JLlII jj| 

4 Jji:dl 4_uj_ucJI 4 jLLJI jI jJLq j_qj_3lj .^j^.L^.jJI jjjjjLJI ^L^.j g-ljA-ll j_oj ig-lj^JI 

4 J LLJI j I jJLo J_qj_ 3 L-j . jU^-uj jJJ 4 _uj_u^J I 4 j 3 j LjlL I ^J_c 4 n\\ a’\L I 4 _uj_ucJ I 4 j U 2 JI j IJ 0 qj 
V j L/i)jJl isLj^ p O \i Z = pV Oi-v ‘ 4 _aj j-uo-ll 4 JjLx-oJJ Z\ / Z 2 4 j nu II ,J-C 4 Jj-fl-J-LI 
Jo\\» l ^ l*C 4 qIL.II jjlc Z 1 /Z 2 = 1 jj5L> jA^. . L m jJ I (3 Cj J-ucJ I 4.C jrjj 

4-4 J l_3L_Q j_Q IjJi^ (J 4 1 g-lj^JI 44 jI_ 3LQ jj^-J t^J-J-1 I L> X tZ\ II Jj-C ^IL^J . j IJ 0 C\ (_£I L^_j_q 
. L X tZ> II j-oLfljL-jl £_Q (Jjjlj (J 4 I 4 lALLjJI jA-U^JJ i j J-3 lLI jl g-U-jJI 

Chambers, R. G. Physics Teacher 9 (1971): 272, 369. 


^ÇjLaiu H Ja j)\x7\xi ^jLu (TY) 

5 tf 

4_LL3LQ JJjJ Cj'J J-3LQ j_Q JJjLjJ 4 \ 0 Ull J_Q ^JU-UJ (J-C 4-l*lLQ 4_JJj_3l 1 I ^fluilJ-Ll 

J I ^ 3t \ \ L 11 ^ LLll I 4-J_lc (J l L \ Lq_l4 . 4_3LJ lHl I Cj 1 Q * \ 11 (JVJ 4 \ tS> Cj I J^-J LflJ-QJ-4 

0 j juj j-Ll i ilj-j-ll^ i__fiLl^j'^l (Jj^.lj i x jjj.\ llj t jujjC.U_ l 4 4jk_jjU Jj-*-J (_^jJI ^Jliil 
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t4 Ja-LALL> 4 1 \ / < <j\ JLUI u-fllj^j'^l 3| (J-C'i! 4_la_txLi (j^o_) ^ 0 wnjil ^J /<.JI I 
^Jlj .kjLui j .l_Lu^jJJ ^Lij'^l J-ilfl-i (jjjk >C J-fluxi'JJ ^l t^Lij'i!! 4-flx.l 

t4_u j)_ltJI CjLfl.iKll ^j-o juLuJI Ijjfe J-c. jjLuJl J p-LtAuJI ^ulii_ll ku_o jjl_i_JI 

.4-la-iAUjJI ^Sunjil >q 4_flJlLk_-o 6JjJC. ^JjjI lJ3jC L^Lflj t-JjjJfltu (j j 
cJJ jj t&JjJ^. 4_fl_ij_kj C 4 a x .\ 11 (J-C. SjLc. Ij_i_i Ua-Lxu-i l l-n. 1 (__Sj-3U jjl CjjjJ lJjI i__l4i 
4-^-1.iill (jj^JLuj .D 4 a x .v 11 ^l fl.i ah^ il ^J-loJI (J-C. SjjU-lI 4 _qJLiJLi PiAjJI (jujk (jc 

j\^l t__s'JlL^.'Jl j J_i_i auj .4 \ 1 lO*JI 4 tii a 11 (JlLo jJ_u (jJ J'Jl 4ijj-3Lil 4 _q a ill jj'J i 4_u jC 

_ p _ p p 

CiljV*) ml j_& 4 K nill 6 l 1$J (_^u3ji1 J^JI (jl^ .C 4 <0 a a 11 (jc JjciI 4_qJLi lAiC- dil-Li cJjl ^J 
^l L_sjc (jjl jJjj_\ oQ_i jLud l_\(j ij tllLc. Y o * ^yQ jli^l jJ-q ^jLallLLI Jo_i_loJI ^Lki 

.4_oJLi (_^l j-q Ip_L> S_\ i~l Sjj_uc_i (j-^J 

t4_ij 1 allLq 4 ifl \ /n j_q 4_sLallq 6j-JiC. ^_LiiI 3| t aLi\j'JI *i mflj ^jLallLLI Jcj_i_uJJI ^.Lki 3 

(J_31_iLLLq 4ri.jJ ^_fl_ucJ I C.v l~n_ i • ((J^ ‘ S./i\| 4 _qJlj ‘ Si/-i\ 1^1q S J -*. 1 j JLoj 

> > ^Çlii JJjrLi jj_$J j)! i u->_i 4 _qJlJ J£ j)l Lo_i j .JJjrLll Jj_3»_q (jALflJ Lo^J (jj^_i 

4_qJlJ (j_Q 4 _qJl 1]I l_fl_U^J (J J_3t_Q (jLi t^ij'JI l__sLl^^'JI J_C. L$jlj 4_Q_3 l 11I JJji 
Lirs-Lo.i (J^JI I j_&j . N , * 0 £ "1 I , \ \ \^"j t V J-U jvu-C ^llll j J^JI 4ll_i i x /n~\. i iSJ^' 

^ S _ * 6 t> 

oljJjrLll 4L> ml jj C 4_q x .\ 11 i__i^)_fl_i j tgujUil 4u^jJ jIjTLqI J_c Ll iljlo 1 \ 11 1 jIa illljl 

.lJ_ij-flJ 1 (j Au-flJ cjL! j-s-LLj (J j j-~sJ 1 3 4.1 i il I (jij^JLi) 

^i-uUil J^-i-uo jlc i _sLLL^I ^l cjLq x ill Ja_iLuo cij-^i *J t jlLuJI ^j_il_fl_Q 4 j^.^J J_c 

.4_i_i j)_urill 4-Q.i-L.ll iÇ.i i(j_Q -i L*i i c\ JcLu^ juLu (J 4_uj_q 1 (j 1*\ 0 ipLuo-uJjj g-1 Jj_uJl 
J--N-1 (jl (J_C t__SjLsJI SJcLillo jjfc ^U-lLcbcJl (>-Q.ll~UI > 1*\ ni ll^ (jiJjill >Q t__3J^J1j 
. ^u LflJ. I 4 j^. jil ^jA-i j-»J I JI j!qL! 1 J jk J-C (_)alqJJ I 4_uu L^_i 4_Q_i jk 
Lfl-ifl J Lil_fl_il CiLfl_xkJI j_jLU (J) Q \ i (_^jl allLL 1 ki-ull I ^Lki (Jk (3 tu_flLkil 4_il_^_i 3 

(_^l^ 4lLiJ-~s-ll (jj'JI tjil^Jl 3 •<_il^-u^JI >Q lu_i_)i Lj_i_)-fl-j ^J-fl_i 4_j^J ‘(j, x AjJaJ 1 |\ 1 aoJI £_q 

(jl 4_^j jJ t ((pl_k=».'Jl» (J^C 6jl i x c\ OjLuo ^jJuC (j_QL jJI (jjiJI Jjljl 3 ^Lj ClS j jJLq 

!LgJ 1 ~s \~s jjxi jLu 2> lj_& ki-ulll ^lki 

Bernstein, A. D. “Tuning the Ill-Tempered Clavier. ” American Journal of 
Physics 46 (1978): 792-795. 


Y^A 





!i d.n j^ II jUijl ,Jj (yt) 


(jijjLLl LlKJ 4_iJ^_u^Jl J^sl^ ^.JC. Pj)-uO (3 dJj) 1 <11II (3 ' SLLLxL!! Ijjb ^-oiiLi (j^_OJ 

V^ Uwn I 4_S Li^ P^ 4 Z = pV 4__u j^-u^lI 4-i^l_s_l I Q \ % 14_s jrlJJ 4__i_i j^-uo.11 4J^Lxi I £_q 

4_Lj ^JI 3 S^jLc. 4j*.^_q uj I Jj*J 3 i x i <n"i i 4Js^J-~J.I 4_i j~^ . hi /njJl 3 £jJ)- u'*ill 4X. 

(J-gLii>j 4j^.jil (j_Q (j< |C ^ * 4(_^ji!Li J^gilll Jj^JI *_3| 4^.jil (J-u^a 

L^JLq ^jn^Cxii ^!j JSjJIj 1 (j K 4Jsl_LJI ^jLi Z 1 /Z 2 = 1 J^J Ca^- •(jJ^j'^l 3J. 

.4_)jrLll o JlI 0 \ JJ Jj-qj 4 JQ J 11 4j^.jJ 1 &J-&J . jlj 0 Q J^l 

IJJ 1 1 _a ni~L II 4JU 3 ‘CLo jJlfv.i jjf^l 3_sljjJI ^.-IC. ^jj^j 4(_£JjJjxJI Jj jJI 4JU 3 

1 _ x lc.' J P> \ jjjj ^JLu^j^I 4_la_fl_i -i’iC. jn^ a 1 i jjj Jj J-~n_ 11 JjjJI 3 Sj^^^ll 4_^jil l^i x q 

(_£jjJjxJI JjjJI 1 _ A nn*\ \ JJJ ^J (J_QJ ijjjJI (JjL-lj ljjJ^.J_Q 4ijJaJsl JjJ jj-Q ^ J-'coJ. I ^QJ*.jJI 

. 4j jtJ I JjL.1 J ^jjjjJlxj J 6J-vLs 4x.^VL) 


Rinehart, J. S. “On the Driving of Tent Stakes.” American Journal of Physics 
19(1951): 562. 

_ “A Demonstration of Specific AcousticResistance.”Americdin Jour- 

nal of Physics 18 (1950): 546. 


*ljj)^>1 I jJx. (X l ) 

4_w 11 jJLj (jiJj-Q (J_cl jIj jil JJj-ucJI Jjljv 3 jLjjJsI 3 ■ ' i “iJi L! Jj j-u-ilI 6 J-oj 4-SLC.l iZ>q 

^-jjj ^ Oj-ucJI 1 x 1 4_ijJlJI 4 jI :xj./ii^I j)l I J_4s 1 x\ 111 ^ t^t-ll j jjj^l 4-o jJA_cq 3| 

4 4,0.Ll-L- 1 I 4_uj_uc>JI J JjrLll oliLk) 31 4.i iiu 1 Lj ^ .^ JiLo.il I ^-o.iijlc.jJJI JjJ-LUjjJl jjj 1 .\ 0 o 

ss 5 

SjIjj 31 pjLI g-Li^> Lq SjLc. .jj j_ucJI jJc. 3 ^ ^ 11 4 _o_LlL_q jjLUlLujI jjjLls liLLo.j 

ijjJ-u^JI jJc. 4_fiLC.l_uL-Q J^-l (j-Q CjIj -0 N * 31 *\ (jo ^jljrLi 4_u j_uClJI SJ-uuJl mQ 3 
^jll 4 £j 3 -ucJI SiJ-oj ^jjLii jjljjl 4 -jULLujI (jc. Ijlj^ i—iL l~n_> <7iII dljj^ll (jl j x q i 


4_jI_jLLjj I (j\_o_tijj 3 4 jjJ_~N_11 (jjjLxO.ll CjIjjI CjljJ JJj .i_\jjjjxj Çjj^-u^ll iZi j-3~u±- 


(jxLii oljjl iJj^jj I jjj tL^_ j l_o_LQ_ucij 3 & j-& 4_o_LLLLI cjIj jjrLil 4 _q.LLL.LI 4_i j2lA\ (jj^!l 

. 4_j j2ix il I 4_j ULLojL! 1 Cj LiLxj-Q £_o 4_i Ixll i jjJa jy^- i 3-^" Js Ij/ii (j j I 4_r*. LLq 





•Ljudl C- 


1 x j ^ jviuJI jJ^JI 4_oji'-iio 4 _iLLLluI £. ts *ij jjJ f~ s ~vj 

j\u5L> jLI LLu CjI j CjCjL^j_o \ /u JJjrLll t _y~i.Q-'N_d»I Jjj-uAI jl j_3t_flJL) 

4j^j_q j^I (3 4_j_ilj (J^J 4 jLLJI jlja o jL! cJJ Jj i4 j_iJ-ucJI 4jLLJI jljoo j.llO -1 J_u 2 ijj 
4-lal m 11 ^\ a j JJjrLll 4_fiLC.Lub-oJ .4 -X-luJI Aj JJjLll J 7 Jj\t f^A^ £_o GjjJa i \ mluILi 

t4_LiLj (J^J 4jl_kJI jlJ_Lo jmOjI ^i_u2uJI jj^J (jl jjLoU JJj-t^JI jJ-u^lq 4iLoil jl 

.fcJ^Jj LmijJJ 4_j_ij-u^JI 4ijL»il jj5L> jl kjuu li&j 


Rossing, T. D. “Physics andPsychophysics of High-Fidelity Sound.”Vhysics 
Teacher 17(1979): 563-570. 



(jjjjLiuJI (J tS'i 0 II 




ino Cll j Sijjl j ( \) 

S> 

jc i_LfljLj ^L j-oj tljO 6jl JO iO j-UuCJ X ^flj j>L-ucJJ jyc. jlll ^jUjfl^v II j^_aJ I Jji 

4 jjlIa_JI J-^_a. JjJ <ji t Jxfl (_£J (j-o jA^I ^jl\uA> Y j N jL^LxucJsl jU <11II 

.4j'Jj (j_Q J_j j'JJLoj-q jU*.l_j_uc-o jLlllLo j.-s-> J_C j *Ljl 4_Q-LL)LflTi 1 

Hewitt, P. “Figuring Physics.” Physics Teacher 26 (1988): 313-314. 


(jxJaLTnll J-j jLUlj (V) 

s 

Lo ^LLxj jm TLTllII 4-JjLTi> . Jaj--s-Lo J-^-J J^-C- j\ k ts\ II ^jJ_JI ^Lj-u^J.1 jAcjj 
CjI j\_j-o Ij j^-i-a 4 x t A j j-o j^l (J-upjj (jl (j£. Sjl^-Lc. I I tJj-UJI J (j II (Jji (J-Q 

j-o 4 _luLAj 4_j-oij 4 -C.Llu JjJLllu L.iLUo-j .I J_4j J(g -n 11 j j_fl jLc II jLvJI j-o 4_J_Jj 

CjIjLj-oIjj^-j-o l_j-LUj .\ CjLcLluJI (j_o ^jLJl ILjJj (j^ t(jnTLT l ilI 4 _)jLU_u JLLuJI JL^llujUI 

.J>L j^£JI jLuJI j_o 4-hlfl 

Stankevitz, J., and R. Coleman. “A Curious Clock.” Physics Teacher 23 
(1985): 242. 



•Ljjdl C- 


oLajL'-tl oI-S. ; li,Vi (V) 

jluJl io-Lfl ^tijSUI t-ullaju jCL>j!fll cy° S^L JflJ 4-JInVjl 4-ojLi_ll 


Feynman, R. P.; R. B. Leighton; and M. Sands. The Feynman Lectures on 
Physics. Reading, Mass.: Addison-Wesley, 1964, page 22-12. 


ijrASlj (0 

. I J| L^£J I 4 \ *\~s n\s Jo 1 q7\ I J_C j JLflJI 6 ^ JilLI J^ j-X-L I i-JaVv LI 
jA»j !dLlJ J_C ,JliLa .IjJI J1 _LLol J_C 6 ^>jJ-q 4_q j 1_Lq 4_o_ifl 4-ifl ^_xflIl t,__flT\5LLI LqI 

jljj jiifl'i 6^)lj-fl_Q i^-SLj J-oJ i-^ jljLi N 4_3t_ixj ^ oJjfl ® S^)J-fl_\ S^\-i_ucJ1 CiLaXll 

6 _\(j \ (_)-oLLJ1 iRC t4 -X-ujJ 1 X 4-o^LflLoJJ T ^j-ojJI CuiiJI 4 _qa 0 11 .tjUj j^s-\ ^l 

Çjl flj^.Ll i x 1 cI -^jl ® jl R = T/C L^J 4 \ 1~v1_U1 4_qjLLL1 4_o_ifl 1J\^ tÇjl CC*. L1 

.jJ\5L\ dJj j)-Q J^I 4_3t_<.uJ 1 X 4_o^LflLoJJ ^j-oj CuL I 4 J 

French, A. P. “Are the Textbook Writers Wrong about Capacitors?” Physics 
Teacher 31 (1993): 156-159. 

Kowalski, L. “A Myth about Capacitors in Series.” Physics Teacher 26 
(1988): 286-287. 


JtiVCI.1 <Li2\ sl.VLo (o) 


!-\(j ^ 3ji J| jj^fc /7 iq (1) i__flj^_L1 jlj iC 4 x *n.11 4 J (JL^T\5LL1 j-q l Qj5Lq J£ jl jrLijJ 

^jj <( jJkii jaucjj _uc .(i/ 2 )cv 2 d>_uc (!) ^ikn j 4iiidi .v = cq 


4_JLoj2fc.Ll1 4il_LJ1 .(1/2) V J| _\ (g 11 J^>i (_y^iA-\.\ Uj^ tjLulo JLujj 4*\^fc JjJI cJ^jLmj 
<5LLJI j _altli^l IAa .(1/4)CV 2 L ^ ,C(V/2) 2 jSll jlu .^ikll <j 

. 4_qj lii 1 iJ L 11 4u j m i-jj \ w 11 ^jj 1 4_\^> J.~nJ 1 4i LkJ 1 ^ _\ <^q (j\ 0Y\ L1 J 4_JLojkJ 1 


X * Y 





J-\ 1 x o JL^o pLlj J| >il 1 m 11 (3 jLLl jLlll un^ t_R — 0 jl jJ 

^ ^ ' s ^ 

£_o IjjJLj 4jliaJl £_Juj I Jj j 14 AjxoiaLjJt ojj_fl^ CjL^j-o j\ X j 11 jLjjJI nu <n3 t jL\a! 1 4_ax3 

.Cj^jJI jjj-o 


Powell, R. A. “Two-Capacitor Problem: A More Realistic View.” American 
Journal of Physics 47 (1979): 460-462. 


4W-atll J-o (*\) 

.(jJij'Jl^ t Jjj*. ^tijl J-SlLoj ^jJjlLI ^sljJl Jj-U^jj Jjj-ii (jC. tdJjj tf-3LJ *J-& ujljJ»Jl 
(J\ ~>k i-> JJX 11 J^c. J) 1 \ ni^S 1 X J O JLljJL ulLo j 1 \\~ > k n) LjJ^ uJJ t (^£_0 j*J 1 _\ 0 ‘\L Li Jj-uCij!lJ 1 JxS 
Çjl *\~s nill jl ni**\\L\ ^_o_uu ^j'Jl Jj_u 2 jjJI J^-l . ^J J-3L-H ^_sljJJ ^^.jLlJlj Ju^.l,_JI 

A cl^j jA' 2^“ 2^ /n " i_A 

JJij ^jJjlLI (^_aljJLj 4 \ l~vl jJI 4*\^k AJl .j_fl_u^JI (j-o 4 _u*jL!_]I 4 *\ ~>k AJl J 1 O o i jjrCflj 

jyujlji. jjjjLS Jy vjia.i\j .L^jjLsj (j^jA-flJJ 4jJ_uO^]l 4 .\ / X J1 4 *\-k <n 11 J_3t_flj tJLlA 6 Jj j-o 

.ljo </-1 ^jLuu ^j_i->-Ll ^l jJI j^Jj 4jJ 1 g1 4*\~s AJl jLs t^-sljJI J^^- 


o*\ 1 j (V) 


4-CJ-UJJ-O uj'JJlJI ujl jUI UJjl^ I jl^J . 4*\ -k U\ 11 J-U-flj L^J uj'JjJ I ujl j£JI (J I (jA X \11 j)_CL-k-\ 

tiij'J-jJI ujlj5ull ^ljjl (jvj dl'J_tuI 4 j'^1j J^jjj ujjj^j ^'J-us'JI (^jLuilo ul'-LLo LjIjj _\*\C 

. I -k \-k iS '1 jucukjJI Ijjfc jj^J_UJ I (3 \ \-k ‘i 

(_j-Q -k**\ ni ^J j)_0J i 4 j j^jJ»I SJ^JI (J^JLlJ jjji L*ii \ lj_4) |\ <11 I I UJIj^JI _JJJjJ (JI Jjj 


Lfi-l “Uj^jj' Sj^-ll u> -t? I 4 

4_oj u 1 0 o C[ 4A-k 


I 14*\-k /nlI 4_o..\_a (j-u-flj j)Ljj-flj_LJI (jLjjfUI 

4_qj_S jj Lujj S j^ 


jj cjI j 4jj^k uiLl 4 Jjj_3»_L1 Sj^JI 4JL^. (3j .V — q/r jl t4_l^_uJI 3| r* 4_sl_uJJ (j_c. 

•V = q/R (jj-o^JI (_^jl_uu t^ 4 *\~s .uJlj R j_Lo_flJI 


r*r 



LjuaJI C- 


L u )I Sj!^JJ L j^<A I j j_oklI j jk\ ‘Lu>-iJ (__^JI o'JJiJI oIjklI 4JL*. cJ 
(j-o Sj£ J£ j£j-o kc. ^L^UI jjokll .V = (2g/50cm) + (g'lOcm) 

.V = (g/10 cm) + (q'/50 cm) + (g/lOOcm) jGui^kJI (jojUI 
J+gl ixo 4~\ -^. n111 ^ujjuJI .^' = 7Q/23j ^ = 8Q/23 J-c. J_u^kku <cj'JjL*J.I 

. 1 (j x iCj'JJJI olj^Jl J-C. CxjIUI ^uluj^kll jj-okll (j-u-fl-j J_c. 


^JI (A) 

jj^. /7)11 ^ /n^. II (jl j.\x n.\ tiCu^JI jujk jc. ^uluj+kJI u_sLlkll j^. /7i jjkoJ.1 jj-o 
.LHJJclo jjs-SILj Loj5>Jj^.I tj-u+li (jA-O-ax^Jl jJ iu_S L^ll J\ 4 \ \-s /n j-o Ll J-fl-J-J *J LuJ_i-o 

i _ S1 n\\ 11 LLfljj (J tS\ 0 \ \ OJ . i _ S1 i"\\ 11 4_Afl i_ ) ji 4 ~\ ~N. ni 11 i _ J LaJ I t _). \-u+Q.l I j-. A I 

jLJ-OU jluijjJI t£-iljJI (3 .(jlj-9luL\ (jd(j jl JlUlO (j\ \‘\^k /7) jLJuo_\ 1 Q(j \l Jl^ _/Uuj Lo_) 
4 ( I_Uj-flJ I (_J LaJ I I_ l \—t+i.fl.l I 4 L JJJ IJJ 4-O-flJ I (J-O (JIJjJ^_\ ^ (jd-uOU l_fl (jJj-J Lu (J\ \‘\^k n) 

*_ .s p, ____ 

4 \^k JuJl i_JLaJI i__u_u£XflJI ^-Q.l\ jl (J-C. (j^jj^.1 .4_ifll_ui| 4uu*.j-o 4~\~>k /n l_£u 4_o-flJlj 

jko_\ . i_fl 1 /n^lI 4_o£ 4_SLi. (j-o cdx \ | i__Sjk (__jj_Ql\ Lcu_u t_fl 1 /7i^lI 4-o_S j-o i_uji £—udj_o 

4 )+> & \L 4*\~s ni jLJ- 0 -\ ljj_3UJ ^J 1 \l J| J-aU Lo_\ tjClfljjJI (_J JuJ 6j\JLu^ 4_S_3ji ^Lo-OJ 

I_al n\\ 1,1 Llijj (JJij . (jj^k /7)11 I_lU+l-O-ll Oul ^U >J X \ J_*ul .(jjJ JLatU-O lujLu^ Lo_\lj 

.4_ul_$uJI SJL-JI 6j-4\ (3 (jCiLu^-fl-Vo 


Little Stinkers. “Charging of an Electroscope. ” Physics Teacher 3 (1965): 
185. 


' ob+ (^) 

jojLu gul\ juijll 6 L~s_\J I j JjUkUU CjIjJJJ 4_iUk.jll luLfluJLi .p, x -\ IjA i 1 1jjl 1 

.(j\u_m.Ja LlxII Lo-^-ilL^-oj (j\JoL oTlo 


r* i 





V (' *) 

>ijLuJI >q >_iJL~s-*111 IjjLol xxi| L^J 4oJ 1 q j| 1 Sjill tJ) ^ol-l^dl jl_la*JI (3 

>-LoLodl (j-ojlj!iJ*l >£-LuJI 4JU >q X Jl J-C.^ 11 JL^ll >q ^iLiHllj 

jjLi t4 \~**.jJ.1 Çjl \~v. AU JoLq-q J-IC- dJ-gJl J 4 _jJLujJI Çj l~\~ v. JuJI >q ~v^o O \~v tI-iJ 

Sj^LLdl 4_xol_j^ 11 S^JLll .Llii 4-o J 011 4JLdl (3 ^3^3 L^J (_)^uJ 4-ixu^. x JI 4 ~\ ~v ni 11 
<£j)-u\ll 4x .juj J| 4x.^-uJI J-u~\\ jl Jl^ dJj _9 <4_dLJI 4-LxujJaL ajlL 1 6^-SJI >q LajIj 

. J \ ~-y*~wn o ^J_Q I 

Tilley, D. E. “A Question on Charge Interaction. ” Physics Teacher 14 (1976): 
115. 

SjljJ (\ \) 

jljXol j_c 4 Uo\ ^l j LoLoj LLiiLoiLo CsK -i Q 4 A^_LuJI gLiLiJI 'j^ " J' ^ 1' 

.^ojc jOjC 4_o—LHJI 0_9^4J .—jujJlj d^^J' dl uJJij t<i' m 1,1 

Chambers, R. G. Physics Education 12 (1977): 212, 229. 

4L1a I■ 111 jl—XU2 ( \ V) 

2jJ Lj 5L1 _>^JI JLa_LI la a. J_C 4 _i_ujLo_o \ »" 4_ajLjj^^JI SjiJLfl .*J i_' J j ' I 

j' a.*J' 4 .7. jl mo ^ ' ' O' J^-44 *J (oi j-o^ S_JjLL 5ji ^l ujllij? oj^_? 

.JLaJJ h jljlol J_c 

Kristjansson, L. “On the Drawing of Lines of Force and Equipotentials." 
Physics Teacher 23 (1985): 202. 

Sandin, T. R. “Viscosity Won’t Curve 7t.”Physics Teacher 24 (1986): 70. 


r- o 





(j11 Splja (S V) 


jLjj ^Luo cJLlji jjl^l P-lj-iu tCxl^S \ Y Cxlj^ \ Y 4 _ijLLi_j ^l J1 jTuoI jJ_C. -l^-'^JI ^j-S 

p p S ^ 5 

SfJjjfl ^jljjfl*^ II -i^-'^-lI ^juI_j_£lq nw jjj .'i! ^l 1 4 jjJj 3 4_xJI_xll ^jllll jyc. j-o_j 

.Cxlj-s \ Y l_&j 1 ja^ 

Viens, R. E. “A Kirchoff’s Rules Puzzler.” Physics Teacher 19 (1981): 45. 


4iUaJ! JL&ul jkl (U) 


o * 4J3LTJI Sf-Lfl^ (_^l ‘R = y C/^. 4^l_kil JLSHjI ^ol^I ojjs-j 

tju^. j-£LukI 4 -SLkll J-Lj Jj_3t_o JB-J iY J 4jjI_5_q R 4 LQ-Lfl jLjjl £_q .k-L^ 4jLHj 

.4jI_IIj \ • * Se-Lo^JI 



Y**\ 







Hmurcik, L. V., and J. P. Micinillo. “Contrasts between Maximum Power 
Transfer and Maximum Efficiency." Physics Teacher 24 (1986): 
493-494. 

Kaeck, J. A. “Power Transfer in Physical Systems." Physics Teacher 28 
(1990): 214-221. 


£ 

a >u->. ii cLajliLU (\ o) 

/7i \ jjLj juj*. J^-o-g l£>j) i u) ciLLmj ^jLiLI < >Ij-jU' 

.4_L2kl j_Q çl -o tssi I 4-iU^.ll 3Lk > 3 (J-®-*- 1 j^*- j,-\ * ^4_ui_iu*JI 4jJ LLs Jj Jj^. 

.4 \ hA Sjj-t^j 41 jUJLujI JJi 3 jio J)I J-*^- J[ ^jLiLI j\ 1 n m Jaji 


oljLu(\T) 

5 Si 

jLUI j-Q Jaj 4 _j Ijji Ij j j^ jJaLV lLI jLjjJI £_>jjifi «jQ </^i Ij-& >_)'j)-j>-l' 

cj"JL^_q 4 jjj Ijj x I \ jllJI j_Q ^Ljl-iu JSJ ^ojjJsLjJLLI JL-J.I jLJ tj^jll ^jLjJI 

I x j j_&j 1 1 ixu-iia Lijlq LjjLskl Luk<i jJ-u^LI Ijji jlu^J cJJj *JjJj .(_£jj^j!l 4jt-<.u*JI 

.Jjaj 4 J jxuJ 4 jI 


Brain Teaser. Physics Teacher 9 (1971): 405, 434. 


S j.xiJ^LUlXI Lc^jI (\V) 

jj_tA.il I j£ Ijl .T t_aj^ LLq jjiiLt-UJ d. !-■>>. \ t^U jJL jtJ-LI J--S-lll J-C. (j\_JJ_tA-flJI £_u^ 
.Lo^jjj t_jjL^-j (C,\ dJLlii jjL j jJ-S t^jljJI jjjl\- 1 o 1 a II jj^ T 1 9 j-~n -11 (g j 1 a II 


r-v 



• 1 1 I i_ C- 



\ /,«« tl ii 1AQl ^ 11 jjLIxjjI ojuxi Lo (NA) 


£j\_i 4 I jJl \x II JL-J>I Jaj)L~fc. J_>JjlJI 6 4-i-mjJaI jjlII 4_LsL»J1 

> - q\ j .j-ii.-ji pioii ji^ cji/n\^ Liij a_s^_uj (_jaiiJ-j sk &11 ^_> y^n^ jl^-JlJi 
jljlol J-C. O jux \ I L^-jLjL^-jI ^jl ^j£. £j\ \ 1-) 0II J*\C SjIII J| Jaj)J-i.r\-ll olii 

jjLui L)-®3 . j-iiJ-ig gLii> ^JJI ^JljJI (JUl\-L 1 \»^ 11 4_j^IjJsl JL-J. I Jaj cjL^Li__il 

i 4 \ nl \ L>I J 9 .11 CjLsLLLU i—sLLL-uO I Ç■ ^LU J| jl 4-iVi*>L-Ul ^l 4 _»j1jj^. 4_q J-uO 

4-u^LkJl J-SLLJJ ^jj'JI Jj^JI Cj*JL*. (J 'J-xis 4_fl.l**iA_Q ÇjLbL>-jl ç-Luj^I J| (£^3 1JJJ i-° 3^3 
^ljJLLtul 4 L> /nlL j^ J^J I (j-Q 4_i^>.^jJ I 4 & \ \ <ii II <S. x </Vjl 4 L\ x II 6 J-A £_j-q l iiLo-i ^ .Ifrj 
j)--^ill J-C. 4 3^ LLj^iL JLsJ.I Jaj)L^. J^ J^^_j (jl J-C. J-ojlj 4_LaLi. 

uLUI 


r*A 
















p.ijhliill (S<\) 

Sjulj (_|)) j-ou \J~\llxll JUJ.1 J~j I~>~*. j<~> X J 4 juuJalu .X 11 J-C. (e- j) 4 X 1~>Q 11 £_u~j j\c. 
j\C SjLl 1 (jujLik LxjlI 1 JUJ. 1 Jaj k ~v J JC. Jlfl-j Lo j_4\j 4 (v-ji) 4 x 1~> Q 11 jyc. « 6 j\ <<~>Q 

4 x 1~> Q 11 J <<~> Q \ wnj <SJ-ulu ju.\J~> 1 .\ x llj (4_a_Ls-flJI j\u i _ \JuvJI SjJ Jo*\ jjj . (I ^ 4_aJ~i_0.il 

. (JXL \J~\ 1 .\ x 11 jc. 


duuj .AjJaUjLO S j^ ( V ♦ ) 


J^2ul ^l (J-Lcvj 1 (j 0 </~l JJ Sj£Jl Jl^ J-kl ) ALLfl 4 l»_S J_u2l jl I J-~N- ll 1 ^J-C Sj^JI O- 


Ijl 


_ p __ __ 5 * — 

SjSJI |\<nn .£__iouvuJI pLaJI 4 1~i\ a o 4JIj| 4_jJ-c_a_j jajjii l_£ul cJJj <_ x\ m j 1 4ixu-JaL aJLo 

5 p p p 

^Uul (3 (JL^-o ^L^J jK Sj^JLa 4j~i_o.i ^l jl jJ Ijjj *L^J jljj>4 (_^l jlc- jliL ajJLa 
4 _l~i_0.il I 6 J_& jo (_J-u~i) jj-~s_o (Jj^- 4 j^jJ N A * 4_)jljj Sj^JI jljj>4 J>C. jKJ 4(juLo 
Lo 4 cJJ J (J-aC. (3 jljjjJI JJu-fl-A . 4. 1 1_U~)*J I 4JLvJI SjI x"\ ujl Jl (_£jjU jl SjUI j^J -0 ju J 

** i 

(3 j\U j1 nulI jJ L~J. I ^ L~>~>. j!\J • 4 l~i 0 \ 1L J-OU (_Jj Lo -0 I^JJ. \J~I I .\ X o (Jl_ 2 i_o L~I "V J^.j_) 

.lj0 ts> 4 J~> 1 .\ a L1 Lo^JU-o 4Lc\(j*\ L/~>~fc o jj*\*\ au jjJji CiL-n-\*JI (j jA LKl aSllj SJ-oJI 

. 4u Lu | t_ijJ_ki I J-&j 


Jllin^j (V\) 


4_ULJ I SjJ*JI 4_\ J_\ J (Jfl*\ <n . Lfl-LX-ua luIjrl_S 1 jiu jA_fl_o j\u Ju J_o cJJ Ln j 1 \ L/~iJllI cJ 1 nC\ JJJ 

(j 4JLkJI JLflSul j\ m _\jjj tJJ j _i_au .Sjuljuo 4 u jlj 4j^.ljLu Jj*JI SjuJI i \ ju-iuu Louuu 

.ul\Lu ju JJI dK**\Vjl J-o\ m 4uL^uJ 1 (jj .(juKLa_Ll 6L~>_\*JI 

. 4u I JuJ I (j j\**\ 1 I juj I LlK jA J j-O i ) ju JuJJ jl \ X \ \ I~> 11 j\ K )M 11 4 i~> ~*jl-Q L l'K-OU 

6Ji(j \ 4uLau-uj'Jlu jiujA_fl_Ll jojujil cJj Ln jo Si_iUi_iC. Sj-fl x o JK_<uI jl (j 1~>| j^-oi.I joj 

.4-ojJ~viil 


Snider, J. L. “Simple Demonstrations of Coupled Oscillations. ” American 
Journal of Physics 56 (1988): 200. 


r*<i 



•L>a1! i _lL^_c. 


ur.411 Jj u . V iJI (XX) 

aUll (3 1 .\ k c> (J L-s-o 3 ^_c. j)-uo ^_q aLuJi <> 6 j&-a 4_3lJ^ djl_li5> jl 

i X 11 pj^JI 4_i^.ll dLLxJI (3 j^SCL» l^)LlJ 4-ol jl (j^jrLfllj 4^^_LOjJI jJi_)l^ 4 0 </^>11 

i_LlllL» Jl\ 1 CjLj jrl^J1 (J_C F = — C V X B 4.ii>L^. 6dJLli5> (Jj^l ui .4 's 0 ts'i 11 j_Q 

(jAlLs \ /i) .j-uxiJI 4 ^ i 3 Iji^-j'i l (jj. Cj Ljjrl^J'i I jL-cl jjj ilj-^J 4_->k- il \ .jLHll L^-Lq 

4_aj_^_iil CjL jijjri^Jl (J-C. 6 JjLL 3 I3[ çl ' [l ' II (J-C- L^_u^-£L»j (j\-Q_JI ^J-C. CjL jjjri^J*JI 

(J| (j\_Q_JI J-C. jLClL^.'JI CjLjJ jrl^J'JI (_J_u 2 iljl u \J .(JjJi jLjLj ^_ti)L U-4> i Sj-3LJ .(j-\_Ci Jl 4 ^ ~x. 

^ 3 p 

Jall X 11 JLJJ (jc. 4^_ill_ll Sjill Jjl_3LJ L^JjLa_J Lq_> 6JjJ-u) SjjLLJI Sjill JA-U2)1 jl 
CjLjj'JI jl U-4> £_oj .-jljjj-U*i' Jc. JiJi (£3^ d 1^l jljj)> jjjj ‘ilj 

4_uijJ*-o j*JI L^jjJ d . ,i.. Ul \ 4 a Sjl ^l ' .L jjjj ^jjLj £-ujlj-o l-$J Jj-)-* A " 4 jju.jII 
SjUI 6 jj)> .Sja o .11 4-gja. uliljjjiU-l'JI jLliIj.1 jc 4 — ~ \I\11 4 . P .l 'jII iÑjti II S 3 'L 4j^.j-ij 

jo 1V*. 11 'J\ dJ jjj . J5l5. , i I...II 4 ^jj_ ^ljjj I jjj ij\ jjJI jjl Ciljjj'II i_iJjsSi 4 jMjj^I 

Jaa.*)l .^gjijlal .411 , ^jl .j ^ II ^JLaJ.1 Lg-Lfl . ijjujj ■ *\ I mJI 4^ja. jl 4_lSu-LLo jjjla jc 

<Jjj.-)JI <J_ualjj ~.l ja. Jl iL cJjLo I ol Joj MJjJI jLiJij jl PjJ.1 jj J-i-oj jjjjJ 4_jI Luajl 

.jj.‘)ll i_SjJaJI j-o ^jjS—JIj jJJmJI jjla Jja.1 j-a 


X 


X 


X 


X 


X 



X 


X 


B 


X 


X 










.L^JI 


Coombes, C. A. “Work Done on Charged Particles in Magnetic Fields." 
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Mosca, E. P. “Magnetic Forces Doing Work?" American Journal of Physics 
42 (1974): 295-297. 


(rr) 

j-o J-i llxll JL^Il j j * \ jjj JL^-o jjj j-o-s ''3^ Jj^JI 

^_j_i_S-o \ jjj J-&J ^(jljljLa (j^> 0 0 I j^-o_\ Idjjj . jl nn 1*^1 4 i /n \ Lil 11 4_&jll 

jl a\"\ \*^ll j_Q 4 \ JUX \ H .\ X -ttjjfl*^ 11 CjL^.J- ll ^-Vo_> (jl 4^_i_i_a_Q 1 m j^L*. j_o j jj_ud_o 

L^J-jLVjj ^jjjII jj-LJl j_o j_i_u^l cJ'J_u/^ll jo 4 1 j^lii-ll oliLuil o-olj Lo (J^-clcJI jjL.lj 

. (jUi iL» I A X 1 1 ^cLJI J_0_xJ I j_0 jA^l 


j^JI pl iA aII J oLi.y.1 Ju'Jj (r £) 

j_o 4 x \v 1 ^Loj^.'i!I \LiL lxI.I (JL~s_lI jI t(_JL oj^. 1I Lj^^ 11 jL^II j<c_^_-j Lq_ls 

. LcjjClo pIjj^J La_o 4-Lu^-g i_o 4_^j_o (J^_j juucLjJI jrJL~s_lI 4_sl_ui| J-aJ ^CjL*. j-ll 

4jSjL*_II j (JL-sJ.1 6J-uj 4_Lu2Ufc_o £_iljJI j ^-4> (j-ojJI j_C 4_o j_uj_5-o 4-iLL.ll ^l^ SjJ_Lll 
jl LV\5v_o-j <6jv^L^ll ^jj^.'JI CjLfc.jll jc 41 oimo 4 _jj^. jll iijLxll Cul^ IJLJ .4_L2fcj_Ll 
(_£j_rCjI Cj"JL~ s_LI 4 \C- jj j_C iijLsl 1 J_oH»j 4 cJJ j £-oj .CjJL~s_ 1 I 4iLuc| jiiLV j uu 

.1 ~s \~s ts *i p1jj^.| 6jJ-Cl 11 4JU (3 1 IjrLll ^! j-oj i S juoUJI 

Levine, R. C. “False Paradoxes of Superposition in Electric and Acoustic 
Waves. ” American Journal of Physics 48 (1980): 28-31. 


N jjlbJI ciltl (ro) 

i J 1 \ I 4JjLo-0 j J^V \ /n ^Lj^JJ j ua o l l J'-C L \ ~v 1 1 d Q I j j ~v d \ / n \ L 1 \ * /\j j ^^1 1 iS j Q 1 1 

ç, m 3 

cJLlA jj!^-j jJ 4j^J i .Li-fcJl 4 0 1 JjJsj jj 4cJJj £-o j .4_u Jdtil 4_0.i~>fc-ll Jjj^. Sjj^jll 

■g -g 

£-i_J jJ jj 4^i j-OJ 4<Ç\^fc*\ ALLO (jvLLxLs L\_i_0 J L~S-_0 _\ ~VJJ jj j_OJ t J~1 \-~N-11 j iÇ -fc*\ U-LO jl_JJ 

.illLc Jo-lVJI 4o 1 


r > n 



JjjjaJI C- 


v jjiiaji Jdii (n) 


ju^L*_q (3 L&Liiafl _\%jj ^jja iJoI.\ x q 4_*_Lj-£lJ 4jflL^_Q 4jjja II 4 -O.Ln.II j\ ts~T\ <I .v I x fl 

j_Q j^l jj^-* (jl -_SjjLiaJI 4 ixojJa 1 \ x 11 Sjii-JI .4_nj-flu JjLiaJI j_Lill ^jJa-flJ 

3 * P 5 ç. 

\A* j I Jl 0 QJ ^j jf~JI jOLjJI j-UiU-flj Lubjl Li V lc .Sj-£LflJI 6l*s-'l (/fl-iu^l 4_l-ljl_JiJI Sjfl 

jj--fcJ 4u^jJ ^ 4_sl_ujl^ ^ljljlij jjj^-J1 jjiLflJ 4u^jJ ^ * :^LLuJI 4_> j-o ^jJI 4u^jJ 
.4 _\jI_\j^^ 4_qjIJLq LgJ Çj/ n \ 1 4 _ClL~s- 11 jl lj\-S 1 ^J-C. cJJjj 44 _JLjJ,I 4-O.L-s-II 


Mak, S. Y., and K. Young. “Floating Metal Ring in an Alternating Magnetic 
Field. ” American Journal of Physics 54 (1986): 808-811. 


i^ouiaLli-o Jsl*j-oi (YV) 

^ liVl \ L 4-JJl_J j (g*\ 11 Çjl \~N. n) II j'CujjJ I jJ i ç -Lj (3^11 Jjj^*. ^J_u 2 ^_Q J-uO-ll (J-La. n l**\ 11 JcU j*1 U 
. SjJ I jJ 1 (_J^_uu j_& 4 j3 LLJ l jjj-^. j-Q jl nC\ \*Jl I j-4> 6Jjk-j_l ^J^_uu (Jfll .4j^ JcjJ J\ijI Jjj^. 
JJ^ p|j^JI J 4 0 V1 X j ^j JclJ j-oll I J ~>k ni Jj jlj jC. 4-jl ~s j n)*J I 6 j-4> \ tS >jj L l~iV_ajJ 

. (^j-u 3 ^J) JjjjJ^ ijdj-LS JjjJI jjLo j_Q 4-Cjj_u^_Q 6 jj-ojLq 


a/ifl kii pui SjiLs (va) 

t4_J_Jj5Lll 4-3 L-lu*JI I_JJ /n J 4*\~S n111 - 4-jl > 11 (jjj-uO - jijLjj jJLj_4) jj*\ \ /il 4_ll JjJI 3 

I (g \*\~s /?) 3 >4Jjj (l) 4 ~s \ 0 </^> II (jl jA 0 \ 1 .6j^.l 3| *(j, * \\ h> 11 ^j-C.L jlCj^! 1 Jal ni \ llj 

3 ‘ s'jjja.'j I Ij^J JjLi)jjJ I 3 ^LLl I X \~s j, n\ \ j) 4~s \Q </^>11 (jc. >—S \ 0 L jljiLoJ 4_jJl_uuJI 

4 ~s \ 6 ts~\ 11 j\-£- JljjJLxuJ Li 4 *\~s jux 11 4jj*. jiI Jj lji~\-Q.il ^lo-ou Ç.>.l~n- \ t j\jjj 1 X 11 j\ j~s 0 </^l I 
4*\^ hx 11 j\ ts \j .^Ljj^JI jiLjjJI 5ji 4 ~vlj_o 3 4*\~>fc n \ 11 4jJl_ijJI (_^.) 4 ~s \ 6 <<^>II 3[ (l) 
jiLjjj 4jj^fc /Til 1 Jjljt^>0 11 jl (_^jj jl Ll*\5Lqj .Jj^ (_^j j-q j^l (u*-) 4~s \0 </^11 4jjjfc.jil 

(jvj^i-ucjl j_Q i_Jjr\_flj J J_3L_uO*J I CjI jA-l^-flJ I J-Q jljj 31 Çjj 0 \ \J I <j\»J 

.^j^-Lflja Jjjiu ujjJj^. *\C. 4 ~s <^>lj ujljlj-u 4 jjj L\.*\5Lqj (_Jj .(j\ \ \1 o auJI 


v>y 






\ n\*\ % II 4jjljjgK.ll 4 jlsIjJI Sj-LII (Y*\) 
^jJ I t4 \ -n. /n 6Jjxj JU iiLLJI 4_xxuK-3t_11 4 -xjIjj flK II 4_3i_sljJI ’. jj5> i_j1jjxJI 

. ^K- l'lL'l.LO JJLill JJ_J cJj^Jsl ((£-iji)) 

4jjLj-gKJ1 4_3 lsIjJI Sji-l I 4 _q_lS j j_cl.j_q (^jL<xj cJj/nJJ j-LC V J^_^JI Jj-S j| 

U|j .6 jjjTJI SjIjJxJL 4_Lzv_L3 jX I g-lj_CL-N-ll Çx^J 4_3 lC^I jIjJLo (J jO LoA-V^l 1J E 4_XxlK_3lJ 1 
jl (jUjr\_S 1j <4-LgjjJaL jJlI I 4. L.0.1A- ll Ij (JjLiJsl çjK~-J (JjfcLu (J'TA. j_Q t Q Qj 11 11L JUX \ 
4_3lsUI SjflJI Jj_qj. xu Lfcdc. <6 jA. 1 <4_iflj.xuil SjIjl^JI 4jxjJ ^_4> R 4jjLj flK 11 4_ojl_flJI 
JjJLxlO P-L) £_qj .4\-n. /m fcJjxj JU 4_^0Llll 4. i5s_ O K_xi I 4_i LLJI E 4_xxuKjJ I 4_0 Lj_gKJ 1 
JKxgJJ 4jjLj-gKJ1 4 _qjUJI J_3»_fl_) 1 JjJ_-s_q I jlxlll jj*\ ) /nj iE = 0 jjKxxu <cJj_'~sJI 
4_0 Lj^KJI 4_3lsIJ l SjOJI Juj_^_j ^Ou <^KjjK_xq J-o^. (_^l cJI_1a j\j ^J U| .^-^jLxJI 
4_Cj"\_u SjLj ^_qj .4x£.j-u 6jLj 2 _q j IjJ l pjaJl SSjaJI 55Jl 4 ,-uJsjJI 

ubj J ^-o jLO _\ j_j <_l-n_1I Ua (J . j-fl-u^J I 3_o I <_jjrJL)j < K (j-Q E <__jjLfl_j < jljj_J I 

.4iLL (jl Jj j-i_j ^xxj *Jj <<JJ-JJ 

4_K_xjK_j_LI 6jJ_flJIj .1 SjLjx ^-q_xuj ^K E J_fl_) ^xj jj-Q j tcJjJi-il j_Lid JqJjj^. j J 

.EI jjKj J_Q-1-11 41-UlJ-ll 

Lehrman, R. “The Back emfofa Motor. ” Physics Teacher 21 (1983): 315. 


*Sjy^ ^=>^nJi (v*) 

^jLj-gKJI JUJ.I jJ*\ Xxufl <j\JjljJ-Q (jA-^Ja-fXLC jx^.jJ 3 L 0 L J(j< 11 jlxk-Q.1l (jK lj| 
I-Uxj ^Jji J jLlxII ) /II -N II j 3t /70 XUJ jl Lfllflj ^_iJJJ jl LxlJ .jCXXjill (J\_) Lq-Lxj_q 
. jx^jJJI j\_j ) / 11 -s 11 4_xS Jjjxjil £_ucji1 j£. j-Kill jO> > j ju3>Li_)*JI 3 jOJ JLlj_q 

x . p. _ . 

>i11 n 1 11 i—jji 1jLK ^ji 1 ^j Lj-^KJ 1 (J LJs 1 j jKj < ^jjjvJ 1 jJo LoJ 1 4 J U. 3 jKJ 

. cilixuJ 1 J- 1 -) J0-U1 (Jl^ jj 1 XUJJ jL JjLlOil Çi ) XU -1 1 1 ■_ XXI. XXUJ . jj 1 . XU.il (_£jKj_L1 

JjLtOil ) 1111 11 4_xjLL- fllxuI £_q jvuL_q j-i_) J_C Ljj-L 4-jjLjflK II 6j-flJ1 4_xxxS i_ x xuLjj 

cujLJI jOLxll J_c jlii)j .^xLLl)I j_o JLJ.1 4_xlc Lq ^l i^jLj-^KJI JL-Jl ^j _0 £-oj 
^jjOJ ^jLJ( jK 11 jxJOxll Lu?) LjjJ j jKjj .((4jjLjJ1 4jjLj-^KJI 6 j-i (j 11)) |xujI gjLJI 

s . 

.(jsxlxLL- ii 1 (JL-x_o.ll ^j _0 3 (juxxLL-iil 


r>r 



Ljicll C- 


i il L 0*\ m*Jl CjI j CjLo \ m^fc II (j\_j J ts\ 0 11 Jj^. 1 j-o jG HJI I Jj5s ^l-lULul p-jaJJ ^>Lq_j 

JL^_dJ 6j-iu^ CjL*.j-\u f-Llj .J-jlj-tuJl (3 4 _jl»IjJI 3 \~vLoiI jljC J_C. ( LjHII 

jLlll Cj'JL-o 3 ^l J-UJ Jj / mjII jjn-jJI J-C J-q_3i_j jG L1 1 Ijjb J'i! ‘ 4Jj( g n\\ ^uLj II 

. j-Cul.il I jLgJI jl jjjH 

Pohl, H. A. “Nonuniform Electric Fields.” Scientific American 239 (1960): 
107-116. 


*4 1 inLu d o i (y \) 

. J(3 ^j^ (_^l Jjj^J ^JC j^-L-ixu (_£jL_3Co -\fl juL_£lq ^l-lHuiL SljaJ»l CjLuLcJI 
Jj^. 4 \ ux cLLJt«ajj^ II Sj-flJI jLJ i (_£-\-\_jlJI -\ (j -n 11 (JjLs jaLfl.) (_^jl _\ 3t II -\ (j -n 11 ju 1 ,\ 0 q Q 

. L_^_^s_j_o I\ -v. JLoj 4 q 1 ~v 1 1 

^_0>j t 4_ijj l_G ,_ > (_^JJI -\ (j 11 J jJ jc 4j_qJ_xJ I CjL_j j'J I J 6-Li-iC Cj'JLlq d.i llS 

(_^jJl ^jlll J I -\ 0 QJ -\ (j 11 çJJJ 1 .\ 0 Q 4-^jLJI cJSLu'ill CjL-U^J 4 -ijj -\\ (g \ 4_LJ_3LQ 1 > ,U)*L 

. 4_LLJ L (j Lc LJI ^j 1 x L o 11j cj*J is >jJ I 6 J_& !_$_>jLj ^ll I jj 1 j - JI jlj u 
,j_q -\(j -n 11 ju 1 \o <q cj*J-L42ij L13t U| :j_^JJ 4jjc_ucJ1 SpIjcJI jj-lj ijLJI j\ > uo.\ 11 

4_0.L-s.il ,j_q 4_j_j^|l cJJ_) t—sSLL. 4_jjjL CjLL^uI (_^l j-° j^iLAlj çflj. \-~s_ j (Jj -\_~s_1 I tJJ-uJI 

o s 

^jLoj ^! .jJsLj i-_Lj_q 4-0.L-n. 11 jk.0.1 jduLolll j\_ 0 j_Lll J-C Cj'J-l^jJI \n<n^ J (3 miO \ 

4 \ /n \L L 3 L 0 jj (jS ! 1 1 Sj_oJI cjLLGjI jS! tu_Lsjll L\_o> (3 -\(g 3->^ c^' LLos jj^-j 3 ' 

5 s __ jjj 

(_^j djLull j-L-0.11 jIj1qI J-c j-Lo LjI-\ 0 q 4_1_lLjn-q_j tju_o_LJI LL Jj^. 5-i^.lj JJLj 

.CaLLoIII jLlll ^_0 jL_jI 

Varney, R. N. “Electromotive Force: Volta’s Forgotten Concept.” American 
Journal of Physics 48 (1980): 405-408. 

*1 g,S.ll aJLL (T'V) 

^ Ç. p 0 5 

UJIj_-N-iJl L^JjLlj (^lll 41 P \ 1 -L^.1 JJLj L_Jj JIj-mJ 1 Ha jl J[ -T'Gllj ^j-ill £_^j_L1 

i3 ^ j^-j j-»LL- jJ' ^jc. I-\_j_q Jiki ^jl L i\5Lgj tdJj (j^c-iO-jJI J-cj .4_iuljjJL 4 _jJLJI 

r\i 





jj^U ju^. ^g>U.\J-\l .\ X OJJ (j^v 11 Jl-J>l (J iiLUI IS' lJ -0 J JIj-f-uj 1 lj_& £-o J_ol a?\ II 

.4ilj CiSjJI j Ij 0 ‘S> ^u-Lii-al-\ x Llj Lj*\ 11 jU 1~~JI (j_o J^ iilia 

,J_c 4 ,\lc. Lo-o I j2h5> j_<fuI ^l' LLi\Ll-\_o cj'jGU jjj)5L\ i$/\_i_uJI çjLiU-LiH J_c. 

jg 

Jii 5 jaJLuC! 4-flJ-iio J 4_il_kJI 4_xJ J~*.jj <_£ jJI £_ucjll u_al in"^j .SjtllCJI JjLiLi-i’ill 
L<Li\l^U -0 JC IjJ ^ J~N~\ nC\ jl jJjJc. tj_fl_ucJI J| 4 \< \ n jl^-JI 4-LAU-iiaLiA .ojj(j<v I' 4u*.jll 1 \ a 

.f£JI 

j LmJ (jA-CLil I JC. JI ji-0 (_) j-U 4-Lu-^-t-O j I j_C j ji_\j_\ L^J j\ Q 11 ^ J£- IJCQ j^~ii\ 

jlj'J.i CuLj jj-o j\^l jj^u (j' >_ U ' N -* Ap ^u^jJI jLmj jv 0,\II ^ JC jl jLo (3 Ax £_u2jll 

j*JLrJsI 1 (j \ a j_u-i\ ^jjJI 4-ixu-ila 1 .\ x ojj fl<v 11 4u*.jlI (3 ^ JJ J~^-ilj . 4u jLu-U j I /l 

4-iU-ill A (_£jl_iu_\ A^? j^_l . j^l Ap JUuCU-UJ ^OU j-OJ ‘ j X iS'i I A.X (J X j"\ JJJ iJ-fl-uJI ^l^ 
(jA-i-iJI JC jl J_i -0 J_\ j_\ ^au j-OJ 1 4 \ n\ \ 1-11 .\ X OJ j-fl^ 4-2i. JO P j_ucJ I 4C.J-OJ j_C 4-0jxui -0 

l— iCji-iU-i ulii.~N-\ ^iA-l Lo_l 'jr\-i\ jj*\ \ UJ JuLiO.ll (j 4-jU-ll' j\_E_ i ^JCj . 4-jU-il I 4-O_i0 j 

. 4-i^-iuu'J^J I 4-ixu-\Ja 1 -\ x ojj (g<v 11 4ui.jL I j 4-\J_uc'J I 4J UaJ I 

Bueche, F. J. “Where’s the Energy?” Physics Teacher 21 (1983): 52. 


la U xo JLa_a ij uiLb 5jljj <Ki (YT) 


ju. il-a 1 .\ k LI ju 6jljJ 4_Ui-i j j \ t ((jjjiLo.il )) ^iuul 1 \ lc jJJ-i\ jjJ' t4_xjljJ I 4 ,\ > III &j_& 
jji o'jrt-o_illuu 4j v Jj j^Js ^LojjI j_c p'j^JI (j j?o Lolj^. YY L^Jijj (u_ajjUI) ^uljJI 
.4_fl_iSjJI (j SjjJ N * * * jj-t_‘\ j-o (jil L^l Jjj jj_3co j-fl_i jl jl^ 4 ixu-ila UJLo 6Jcli 

4-i_ijU^JI 5ji j\-ojljJI jiuj-i-LaLii-LI ji_i j_C*J SjjUaJI SjiJI JJl_3t i ‘jljj' tUuulj 

. 5JIj jJ I 4l-N.il I j-flu (£ I i Ji-uu'J 4_i j LnJ I 

SjljjJI 4 Ln.\11 cJLo lj|j .U_iji_i ^ulj jj-Ts— o JjC (_£jlj ^a^j SjljjJI 4.1-N-ill 

jljjjJI Jj_3t—o jj^_i LojJc i iLo.i\ jl j_o *Jjj JjUIi jljjjJI j Ijjj-oii t'J-iia i uLn-11 

uciuiioifl ^g-XJjj Lo-o j^l 4^jJ_i jljjjJI JjA-o jlj IjLa .4_fl_iSjJI (j SjjJ ^ * * * jji 

! 1 iF\ \ I jjUA-u-lo i_JJ j 


no 





^ojl lial-Lxll I 4 JUJ jj)5Li C.'.L-N-> 4 &J£.l_ 5 JI (Jjj^Lj 4 ml jj ^L_S J 1 1 Slj--\->J 1 

Lgj 4_ijjljjJI 6 J1 *~\ /nI Sjs tS^l^ijJl 4 .L-n. 1 11 jJoLj_Ll ^ jJ 

.j^)JJ 4 _XjLj SjljjJl 4.1-S-ll 1 £_S Jj 4^-fi^.J 


Berry, M. V. “The Levitron: An Adiabatic Trap for Spins.” Proceedings of 
the Royal Society of London 452 (1996): 1207-1220. 

Simon, M. D.; L. 0. Heflinger; and S. L. Ridgway. “Spin Stabilized Magnetic 
Levitation.” American Journal of Physics 65 (1997): 286-292. 


J^Lii,a JL^c J iiiLb jl (X £) 

j\£. SjLo dl^-^JI ij £_S^)J jjl 'JuxuJI j/a 'J_xis ljj£. 4 jJ_^ u ^Jjj ^ojuJoL)JLq JL-sJ» j!^_Qj 
S^j-oJJ ç-l^-^Jl (j C-v\-SI^ j^JI J)-Q CjLj £x*-hj .jU ^f \^l p-Lo S^-LuS ^l^c. J-C. 4u-uuJaLxJLo 
.pl^-^JI ^3 S-A^ ^lni^>.l çjLjLcvc. oJI Jj ^Lc. j_o 4_iljj j ^Lc. J.yJI 

ih\ j 1 q 1 1 ^ \ ^ , do'0L ,"\\ l^ ( d \/ii\L. 1 \* /\ 4_i I\/n I j ^ L>\ _)J^J,I J^ 

j\ \ x \ 11 1 0*i niI 4-lS-xv.i 4 umL 1 .\ x 11 jc. i iLi5v l^ !4 j^) 0 is *i j\£. 4-j-tujJaL jJLo 4_JjU 

6jjjJJj J^cJJ 4_*_sljJI 4 w n \ LLjJlLI Sj-Lll (jl^ O t4 vLo.* \I 6 J^j J-usj-LI ^LLj^JI 

4_JjL flJI X j 4(_^jLLl j.i-dl V i(x//J 0 )VVB 2 (_£jl_j±j 4 ixajJaLiJLll SjLLI J-C. 

JLxu'JI J| SjljLl 6_5-Lll .^>n \ LJ .\ k L1 JUJsl B j 4 i^jjs Jo 1 .\ x LI ^*jJI p j 44 A-uuJaL lxL 1 

9 

. jrVjJjl J 4 -O.Cl-sJ J(j /III Ja^i, j&j cS/B- - 2 g 0 g(p/x) -pVg Jjii 


Geim, A. “Everyone’s Magnetism.” Physics Today 51 (1998): 36-39. 


rw 



1 < 11 i | J i Q 1 ) 




iLiI jLsJI alliJI (\) 

V-^* cV (<_V ‘^JSs) J->-Sllj (<jji Lgjjjj) SlliJI j-SjS jl l-vv ‘l+' JiiJI j 
cLojJ£. Sj£-J J t4.1r>5Lll yJ-lC 4 JI Ja!l ni'Jl jUj£. Jjj*. :UJl5yO l_6^ J_Q jJiJj .J-6_tuj! JjJ^JI SllLflJl 
j-xJLtlj Sll6.ll Jj^. 1 ju^ LuxAj Lsj_\\ ts> ^_uc .lUuU ycjj tL^jljjj jLa_j jjjJl 
jj,Jj-ucJI Ijjfc J^-lj J^l-ClS 4J_qLxJI (jjiiJI J j_JLj ^_Qjk jJl jjJj-ucJl^ 4 _j_q J^-ClS J i.-\J 1 j 

(jsj .(j\jj_Q j jj.luo.11 ycjjj J_c.j!L SjljJl Jjj*. JjjuII .( 4_jj^. j LlJ 1 (jjiLll jc 

^jJI^ 4-jj jL>>JLj 4_ucLkJl J-6-^.ujl i iJ-->>- 1 1 Sji (jJj-o-sJI CaL->>->jil j <^-»LJl jj jjj jjjli 

x U 0 1 J-cj! 4 jJ 1 q^)! 1 v_jJ--N-11 Sji Lg_sjiG jjI :JLo^.j! 1 j)jjJ 1 jLmj 

Jy^. 4 x U S J^J J_cj! T J-uuJl S ji .J_C.j! £ jLau j (jji 4J_uoju_q LjjjJ jj^-j J. l-s-1 1 

(jxj (j_Q j^l 2T jj^-j j)l u_i.- > >-> ^j (j- 0 ^ ‘2T L^jlj 6 q J_cj! 4 jJLql^J Sji lll ^tjj! > 4_oclj 
(jjjj JLLjl N \ * SLliJI jjj jli <4 jJc pIjjj .J_cj! 4_ojJlill £jLuSj ^j^ + 

tJjjull J_c *ilaj *\ * (jc Lj>jIj-6_q (j J-Sj j! Sji SLj_6JI JjjS jl ujjuj t JLLjI \ * j» 611 

. 4 Ij ^ > n \ d 0 \ Q -v \ (j^_QJ j-Q I J tSj 


jjli^. laljj udJ> gjhail ^J d,.ai fl\ ^ij (Y) 

Sji ^jjj Lq j-4>j t T Sjij J^cj! Jys-11 ( (j-u 4j j jj ^ J^.jJ I t_j Jjuj t (jij-l I J^-uuJ I (3 
4_qj jc SjSLij 14-ll<Ll I yj jc 4 J LLj.uj'J I yj_\c Jjj^. : IjJ Lj_q 1 _ 6 _s jq jjuj . Ji--s-l I J T 1 .ui 
£j^j J+*jM Jj^ L^*j lij^luc ^j-uc .J_cl j_Q cuIj y^Jj tl^jljjj jL*j j! jjjll 
(jj-SJI Jj_3U ^-ojJjJI jjiAi-urill^ Ojllll yCjJlj J^jjjj -k-O-S 4 j_q Ji-N-ll ^jj^_j jjj_a— > 



frL>j.tflll L_ul C- 

^_iLJI jlj-i-i jjjLfl J^Sj . ( 4_ij*.j LkJ I (^jUI jj£. j jJ.i-uO-11 IJ_& jA.lj J^-CL^ 4 _LqLxJ1 

J-fl-LU^! i_>-kvJl Sj5 SJ \~*jJI 4 -o£.1i_J 1 J i-~sJ1 4 X iv fl J T J-uuJl Sj5 jj-fl-i {j'ls*- J-C^! ^jLllli 

. jj 3 J-^-jJI l)J3 "E (_>“ C^l tJ^ljJL» £•(_£>!> J^ (J^- Sj5jJJ 4_i_ijLiJl_i 4_ucLkJI 

j_Q jjiJ.»-urillj j_& £_fl_» ja_uj + ja> j-Q j-\^l 7" SjiL» J^jJI 1 j iJ-~n_i (j\^. <4_ilc. ç-Lljj 

.(jjsjSn j-c. 

^ N \ \ V ^Lc Oi3~^ ^ L)- 0 j)4 J^LlxJI J JC. 3 tj-ljj ^_1 4-i^i. 4 Q </>j 4 J_3t_S jl ilsj 3 
4 . 'iii -*s- j 4 1 \ < nj 1 1 &. \ ^ \ 4 infl \ 'J_Uj ' ^ ‘ OJ>i J^j Ç-&0* ^ 4 jl^-ij-ol clii_L 11 Lu 4_L^_l 

.LAi 1 3LLj 1 N N * 4Jjj LL.jJ lAi 1 j_flj (Jj 

Mott-Smith, M. Principles of Mechanics Simply Explained. New York: Dover 
Publications, 1963, pp. 144-145. 

ç^>u'j+ (P 

J-£. 'J_Lj "\ * 4ujj ^JLJI \* 111 ^ 11 3 -V I x J JiC- ! JJa j N * * L& j 1 J 0 -o Splji jlj_i_ll J v nii jjj 

$ s 

"\ * 1 (g '\ Q LL-jj-Ll-o JJaj \ * * J| Ijj^ J-flLoJl J i-~s-l 1 (J J-uuJl 5ji JiLi ‘jlj-JJ t_al 

p. ni -\. 11 LgJ J-i-l (jd 1 Ji-^-tJ 1 J l^ SjJjJ» 1 (_£ J-flJ 1 ^ J_Q-J_Q 4 tJJ J £_QJ . 'J-la J t * JA-UOJ (_£ 1 i 'J-L J 
.JJaj \ * * 6 j1i_JLq Jlji JysJ 1 J SUaj £ * 4_iJLJI J-uuJI 5jij 'JJaj "\ * 4jjj £_1LJ1 
J-ouvJI j^J 4 JysJl 4 -Lcl^s-i (_^JJI J-o-^JI j-Q 1 <A3t.i 'JJaj "\ * 4jjj ^JLJI Auua. 11 Jljl J_flJ 
4(__al_A-N_lI J-C. JJ 21 J \ * * j>C 4jj^ JS-» ^ (_^1 jJc U| t^aj j-oj .j_4> Lo£ JJj JLoji.'JI 

j-ulALllls 4 (_aLA'Ñ-11 J_c. JJ^j \ * * 4Jjj uia jic U|j .JJ^j \ * * jJc. &p| jcJI JJalma 

jic. LJ LqI .J-qK 1L Ji-~s_l 1 jjj jA-I jj 1 11 ~>h 11 jj*\ \auj 4 IJo (<o Ji.^-11 (3 -iJuJI 5ji 

£_Q Splj-flJI (_£jl_UiU_»J 4 Ji-'-d 1 ^-^-1JA LU-fl 4 U_sLLJJI J_C Jisj \ * * J-Q jU^I ‘Jjj fk /II -V 

.^jLLsJJI (3 (Jhtil ^-otaJI jjj 


^ 3» 1 1 au 6j5LilI jjvo Jj^ jjf!j JjSJI Lq( j v \\ 1 jLJJI jU-iLflllI jLi^.jLkJI jLojjJI 

4-iLLiii Lo£ Uaj-ÇL~s_Q Sj^-Jl jjp>-Q Jjj^. E (_£jljJI ^*jJ1 jj^-» j_oj .juvjl Lo_4iiA^.l 

jA x .i IjJluo JJi-i j-A LJ d ji-uc 4_ilj_JI (3 L jj^-i Llfl> •c^jlj-ll ^=*jJ1 P> q jjjLi 


r>A 




^ Lu^i I 4^ 




j j^u j I j ji. Ij jj-Ll 1 i u Lw ,j_q j^i cj Ljus. ^ 1 J j_s . j j-5J I 4-L_fl_» Lo£. jJ\ >.11 

4-Ll \ jjj. \ 4ujI_£lq ^jzx£lL-i_q 2 _uoj-q J 3-^3 4^j-^Jl Jjill Ijj lj| tJLsJI 4» \ jL \ . 4_>jLLLq 
4ujji ^JutJ '-L>iiJ! J X -s. wd Lq 3~&3 t&J^lj L 0411 > 4 \ jjj 1 jJ 1 4iL.aU JJLa tnfl tjjJJ 

4^jus. iJI'.L> l^JjL^U Ç-liujl J| JjuSJ jjll 4Jal \ tn jl Liik jrLflu) jj-oJJ Jj_u3jJI ^J^C. 

.(SjSLll 

jljlol J^C. jJaJI Sji çj 1 jlLiC. 1 (j ^ ‘7 \ (jl J| 2 ;LLLLaj t^jiJl Ju-u^liu jiaJL 
J.l-s-11 J^C.'J 4x.jLuJ JuJ (j-o SjiJL 6 J-oaj JjiJI 033 (jl uu-~su (_^J-1I *Jys-11 

jU-lC J.L-N-11 £_aJJJ (J^lJ 1 1. \ \. W~>j . jJS.'J1 I_uL^JI J^C. jjll ^-C. Ju Lcu_u 1 _uLJI I Jj5> J^C. 

4 J LLu-aj'J 1 ^U JC. JuuJ I j I ^J^jrLiu j I J-Jc. (j^J ‘ 4u 4_uU LkJ I J_aJ I 6ji Jj j-i j I 4J LLu.oj'J 1 


. Jus-11 j I LLo 1 (J_c -LLL'JI J^ -i'ic. 4_U Lu-q j_oj Sji 4 J 

T = j_oj Sji_> J-c.*J jjiJ I Jjj^. 4 x L <s juJ (_> jlLj t j jiJ L o^ LLJ 1 ui j-LJ 1 -Lc. 

^jLxu ^uJI 4uu-jL-L11 SjiJl 4il_uL| l^ujj joX-Ju TYIÇ) Sjiu ^l i(fYlÇI + TYlCi) 
J^C. 1 (j *\ \ C J-aJI 5ji J-Q- 3 tUj .J^C.'J Lc.jLt.aj ji JU ^JuuJI J^C. JjiJI iJ-ai jlji 0 TYICL 

1 juj .jLuLO JI _ii_QU J-C.*J l 4 _C.jLt.au 1 _A > tlM JuuJI j_Q jU.'JI uij-LJI J^C. j^_I. I 4_LL_OJ 


.LLo jji.1 4_LL_ojj -ijiJI ^iu_A- UJ 


jjljxo Jx <uLoj iu.Uu ( 0 ) 

jjliu Jli\ 4-l-L-s-l.il J| 4uJ-ojJl 4-C.Lt.aJl £-li J-qj 4uui. Jjl l^u-fl i_ j jsLu ^uJI 4 _LlsJJI j-o 

Ja^LaJI jLuJI ^ljJ^-u^l ^jc. 4usuluJI SjiJI JLu t4ujLII 6 j-v_'s_~s-l 1 J-qj 4uu*. jus.1 1 41 q 
ju^i .L 4 J-S Ju^ 4-iLjJI 4x.LaJI jjjJ LjLu-o JLou^.'Jl jjjJI J- 3 tus. J -lC.Lt.au j t4uulu 
J~s n\\ IjJ t(jj^JI LLji-aj J^flLaJI J_qjJI ^4 n\\ t Jaiji-ajJ 1 J JLjJI jLu Ijau 

4uu». Lji_aj £_oj .4uuluJI (j_o 4ul_ll j_o JjJI 4_Ju_LflJI çJjj^.'Jl J 4_flui_L> 4u*j Ju Jil 033 
L^u-fl j j jJ I 33 L~s -1 > CxSjJ 1 (j-Q Sj\_u^i 4_&ju cJ llA (jj^u t L^-o I -l-L-u n 1 3 6 j-v^.'J 1 J-ojJ I 
6 jvj-'s-lI jjliu J-oj 4uu*. cJLIa J_ 3 tu ^J t(jSll ^JiJI uj ijvLu J-°J 4_iUfc. J^-J-S . ^uJu-Ll jjjJl 

.4uJ_ojJl 4x.LaJI 033 jljju IjJ t4u 3 1 x 11 


SheYi, K. Y., and B. L. Scott. “The Hourglass Problem.” American Journal of 
Physics 53 (1985): 787. 



frbjAflll s_bl 


«JLa. j jJu ^ (*\) 

p p « « 5 ^ 

i xlflJ I j j j-o £_o iJJluj^!j ^J_c.*J ^ ijJ L> LkJ I 4_j_i j L^J I j^ j_q *K j^. jc. cj L Jj jTJ I ^JLxj 

4__x_S^i j-~s-> i_ sJjJjJI jIJi 0 q ^Jjj t LLj N *\ 0 jjj j<oni 4 i m \ IL .4 jL j ~^ 6jj Jj 

^J_C i__SjijJI JjjjL j£. (!jiKj j-KI ^LLj Jjl^ij) yGL jJ 1 1 J_& &KL^_q dTK-ojj . 6 J ~*. Ij 

. 1 j cJlC.IjJ £_S j £-q ^Lcl-nJ 1 jIIjxo 

clLj_Kj jl dli-Kj ^jJJJ jl cJ.l 1£- jj^-J-oj 4jljji.l ^J-C. j_Q (JjjJJI (3 I-Lj Lojjj 
4jjj jljjJ.1 ^X-iJj Ijjj tJil_uj*J cll-i-ujj^. i \ lc' ^jL xljj-uj 4-Ij--s-llj •Jj'J' 5jL-~\-l I iJji.lj 

!i_i-xAJo jijij jljjJ.1 ScJji ((J-Sj)) u imll lcgJj .J-qK1I 


^^lil (V) 

^I -iL-uoI Ji-fl-S . Sj-sL L-q 6 -i-S-jj ^jJJL 4ijLi.I ^IL </^iI Jj-3 ^i-S'J I jOijJI jJJ-flJ 4 -q ijJjj-oJJ 
/vl.\L.^s*sll iJju j .^jJJI ^Li-jl (3 1 (j q~*. j jj^-j tSjvuL-o j^LJI ^jJJL 4fjj_-N-ilI 4ij-LJ.I 

4_Sj-LJ.I cJjjLLj 44ij-LlI 4^j-~N_l I 6 L»_j'JI (3 (4_ijS SlliJlj) ^jJJI cJjjLL) 4 6j-sIjLq 

4ij-LJsl j-Q ^i-S'JI ^J 2 fc.jjl (J-Sj (3 (J-*-flJI c-Jw»n .(jlSJsl j-uc.jJI (_|) ^jhl £-0 

.jJI La^ j jjLs 3 jj-ujj Jjj^-j 4 4-Sj-LJsI + SLiJI + ^jJJI 

cJ JJi-jJ I j)-Q ^ jJJ I J-loj j)!^ LuJ I cJ LLji.'J I I J I i j)J J J J 4u_uO J*j I £_Q cd LJLi.'J I 1 ajlL 

^jJJIj 4->_uoj'JI jj J-qLiJI ^^jj^JI dK~>~^.'JI :LjLj .L^J^j-LII i _>jvL j jl ^l^ 

Cj-SjJI (3j 4 jj*\ /nII ^l^ 4 jjIj 4^j_~n.\- lI 4 _q jJjjl.1 SjLc.| ^J_C. (J-®-*- 1 ^j j^JI Cxj cJjj^-J-LI 

.jLj'JI ^j^jJI Jijj 4 jIj 


Phillips, T. D. “Finding the External Force.” American Journal of Physics 
22 (1954): 583. 


JjUUI jUa^JI (A) 

^"\~V 4jjL 4x.JVU (J_UCJ Lo LlJ jvu 4-KJ 4 j)J^ /II 11 j_Q jl-UCJ^JI £ jLul» 4 4 jLJI (3 

^jiJI 41 /L1 LLlLuI L jj^v /ii 11 j_Q ^jJsl g, jLujJI .4Jj 1_LJI 4_sLi. j_Q i jjbL 

4jj lil I 4_L_ujjj-L I 4x.juJ Ij . 4_S L21 (Ji-uj I j L 11 Jill I 4_L_uj Ijj L.)-~n- 1 I jjC. 4J j JjJs I 4_ji_S*J I 

VY * 



^ Lm^ I 4^ 




/j^L LmJ I jJ KiVi I Sji L^i Li K I 4 Hj LlJ I 4_lLs'J I 4 \~vj LkJ I SjiJ I 6 j^J 4 _^_jjj ^j5> IJjj_L2 

4_>alj (J_loj 3jl->>_ \ i 4iL~ n- 11 j_o JjLolLI (jLucuJI i >jLLi (j\^o . 4 _j_oLo'JI <Kj--s.11 4_oj l_LLI 

LljLLJI &Ua jLuOJsJJ 4_xXJjJaJI 6j-flJI jljjj 4 ^jjIjJI \ /nLI j^-J jKI 4 _^jJj i-LL-k.ll 

«* S* 

(J_lS LKLlu u_Lsjjj (jLu^dsJI j X -s \ Loj (j^LuJI cJKjj».'J 1 5ji Jj jj Ijjbj .Sj^-K 4 aj Jj 

!^jL jl <^i~v j-o ‘L L .SjOuLlo LiLJI 

Lojjj 4_oj_flJ I 3 L^j 1 0 1 3 i i-La ~vj i~uA.ll 4_jLs*i 1 3jii I j jjj LL jjjL iI (j-o Jj J_3lJ 1 

t ^-J_^_ucJ I J^LuJ L (jj jjj (jo Iji Jjj_Lj J (jj 5 L ' ^j5>j . 4i LJI (j_o (j LuajJ I 1 s jrLLl 

i_J0\ w11S t 4iLJI jLucUI (J-u^j (jl Jj-S Iji-UCA i-ijjJI 5ji OjLuCi lj| (^JlA. 4i*J 

4 J ^Jljjj (jL u-c-n- 1 I (jL (JI (jjjji j jjLi ^Afl.) ! JJj ^_o 4iLJI (jji (j-o (jLu^--s_lI 

6ji 4 lc. jjjj ^J Lo (çk a-SlLu_o L (3 4-j 4 __ud LJI 4-oiajJ. I 4^ jjJ I J L*. J j-LL-uj j I 
jj5>j t(j^Lu cJKJ lA. 1 5ji (_£jKJI 4 _u^.jLJI (_£jiJI 4.LL.-S-0 4 6Jii LjJL^. 3^9 .4_u*jlA. 
.3jiil 6 jj5\ 4_ojj jjjj ^J jJ t(jj*\ <D (3 1 —La jjJI jLuc^JL ^jjj ji Lo 


jLxij -0 (“\) 


4jjljJlj 4(jot_flji.l (jcj 4J_u^UI 4i Lu-LI (j£. ji~i>.ll (jA».) 4 jI 4_Juj5j jJJ 3 jL-Ll 4 _iL*.'J I 

.^4_ajIj-^J 1 cJj'iLJI (JjiL^_i ^_o) 4-lj^-ll 3 LojIj (jLi-ijiil ^jLkIj-lu ^L^j jLj-u^j ^jJI 

J_C 4 JLJI 6Jj5> (3 (jL-iijiil u . Lij-O 4_ujLsJI (J-oX. c__S-Sjl 41 _ x \ jux II ^-fl-flJ 

4-ijjLJI (J j X juL j JC-1 . 4i Llu-L I 1 — i-uLj lo 3 jLojLuCuuj (juauSjll (jo ^-lSlLluco jLlllo J1 Jj_o I 
.JILL plj^JI (3 LojLuCUJ (jl (jLjjl LUJ-O (jdsl-LLLO jL-fljJ-flJI iKLuUJ-UUJ 


jiLsJI jjjLi (S ♦) 

(^uLjlJI £_jj jrlJI (jjjli (jL ^ j_uCjj (jj^jj ^j-uJ .4 -LcL5Lo j-lC. LjJjI (jLJ ^jJI 4 JJLt-LI 

j\—u±J Çjx'LT^. > ‘ 3 JJlO-LI ^l ni~L*JI (J-C. jJ-LjJj 4J3HI ol J CjLoj_lllUI J-C. (jj_LjJ ^LlJI (_) j-~s-ll 

^ j-Uluj Lc.Lx-lu 3jiiLlil JjljKJI 4JU 3 Joi-3 .4 -Lls (_£jj tjv oj-lll^. (jvj ULlllII (Jl^ ^ 
Liilc. 4*iK (_£jK'J1 JIjj^.'JI 3j .(jL-A-mjj^.II (jjj^jll (_^l ‘4.L5L1I ^J^JO (jo 4iL lllLI 

.3jj-oJ.1 ^l m~L*JJ 4j_oj_lllUI jjLjKLI (J_c. 3jjj-LI 3jiJI ^i-oj 



pLijjxll L_ul C- 


4 oi'Kll I infc 4 j jl( S \ ) 

. p ^ « y ç- 

j-Q (jiijI 4 _<jll£l11 J_C \ (_^>4-ll 4 ni11 1 is\ C. J-o ^v^S^ll g-j^Jli .*J IjX t 1 1j)/nJ 1 

(j-Ojl 4 xlLq (j-Lojc. Lcx^i'J tjljjljjj Jj jJ~JI \ Q Llj jv^s'JI pjjvJI .jj^.'Jl pjjvJI 

g-jj^JI 4jjjlj*. j^J-Q j)| '(jj^ - " (i jLjjl llUfl Lq^_J*J j)JJlJJ 4^Xi_J1 4_la_fl_) (JjJ^. (j\ /M^l X JQ 

>_L-y-\ (cJLxX jujrLo 4 jI (_jJiljrLfil jl£_Qj (_£jJl) 4jj^ (jM IJJ i^XjJl 4_laXj j^ >_jji1 jv^-S'Jl 

^j'j^ jL^j^ CaJJJ^ (J jSi -(jjl^l f-j^J' jjj^ ^ J^' jj^ o' 

. jl^-jjJI 4_laXj j_Q i_)jrL5_) jjl Ijjj (JiLrJl (J Q P> 11 Jx 


J^^LLk^Jl Li^j (N V) 

J-l a wn 4^u j)_Qj .SjJJ 4JU l§ Lq-q o^'j- 1' (J[ i_Jjil 4.1l*s_ll j^j-° (jo^-* j^jJ' ^JL^. (i 

<4.ii l\^) j)_Q Jjlj'J ^Lq*^L1 4.lLl\ j^o- 0 tJjjv-x (j' (jj^ i_>11111 4 j lc. Jalx_Lu| l§ L^^LxJI (Jj^o-" 

j^O-° J-SJ-i (_^jJl ^iLs'JI JJ ~ >k 1' (jLxJ^jJl J^-mJ SjLlxj .>_ vLo. i> 4 1 a -v wn Lq J-^J 

4_qj .^.LLxjJI i JiAj <4 _jjIj 4j_q ji Jl^ -L /m!1 Jjjlj ^j_sJ1 ^lj Lqj .4j j -x. Lojc. 4 1*V\ 11 

j)-Q Jxl 2_uC> J-Q (3 4.Llv1I j^^)_Q 0^9^ Jx _i_QJ_XJ Jo _^-vlJ' IJX j)X pLLXjJJ l^J- 2 ^ ' 4_0_l^)Ja 

.jLoJxJlj j)j,_LxJl £_jLuc* 1 4 L> /iil^j 6 JiJ-' > t-Jl ^XijJl 6 Jxli 
o-$Jjo £_jjjj j)*J ipLLl lI j)Xjj(g 1-4 Jx j6L>11 jAc. (JL^o" (J-^ ^jj-® LtA.J g-1 mj 11 
Jl^ j 0 1^> 11 J >" \ \ <JLjx.^)J 1 (Jl^ 4 j / n _\ ILj . 6jL4^.^) Jj LflJjjk-o j)0^-> (J- 1 - 0 - 1 

4-JjjL-V.ll j^j_Q Jjv.JJ Lo_XS jXu^JI 4_£lLu_Q ij q 6 1-vll j^j_Q £-0j j| 14jj j Lv_ 11 j^J-Q j)C. 
iciUjJ 4_-v-ix>j .jJ^jJl 4 _oJ-ilq (j LoX'j^ jlj^oi' JJ tg-l nu 11 (jl^ 4 \ <n \ILj .u_aljo'J' s>r 
j-Q LL-oL^. L^J' x " ^j^J' (jj^ JlxL-v-i .4 -Q.x.qJ-> 4_1jLq 4j jlj^ l)^J-" JQ h> \ 

.JJUXLO J^-i Jx jj Q 1-v \ 3 g-LuJjJl Lq1 .£\JjvJ 1 j)_Q jj-SLuxll gjj^Jl j)_Q J^l 4 j^.Ji_L> fcLxll 

McFarland, E. “Center of Mass Revisited.” Physics Teacher 21 (1983): 42. 


jjl^UI&SjLLoOr) 


(jl_xjj_L1 <GHj EF (jlxxxr-LQ.il j <^x 1 jjJ 1 (Jx jLxxuj BDj AC jlx xx-lo. 11 <(j\ K JuJl *jL^ l§ 

4iLoxLl (Jx (jl_3l_Qj Gj F (jl Loj .^IjjJI (Jx (jLxO-s! 4(jLXxu IjJI (jLXJ-tJxoJI (J| ^l^jvlj 


VYY 



^ 1 I 4 ^ 




jj_o_~L \ GHj EF j\_ l >-u\.Q.l I j_C. jj Jjj^.jJ, 1 j\-Q-gjt^Jl (jLs 4(_£j^jJJ jj^.o_ll j_Q 1 1 aC 

.jlL\-uO-0J1 j_C. 1 X ts~\ j_Q jC. j-lo.ll I jA E L^AlC. 4_SLuilL (JjLf-uJj j_C.*J 



jAQ o. JaC. 4_ujLjl 4 lo /nl jj jjjJ_ill JJLuuJl j)Ls < jljjl aulLq jA_q /mo. 11 ^jjj j*Jj 

4u^.jJa j£_OJ (_^J-1I J * n i.l 1 Ujl_tu_Q jj^j (jl >_ uo. \ EF i_il.uO.Q-ll (J_C. /11 o. II 

J| 4 \ /n JL JJLlJI jlj_0_Q j£J .£_3 jJ (jl u)_X_s GH i_i\-uO-Q-l1 JuC. Jjj^jJJ / n o 11 jj_Q 

jl Loj j . 4x.j lo Q11 4_ijljJI 4 _aL 4 .aH (J Gj j-n_o_o ^ j_sJ I (^jLluj 4_uljjjJI 4 ^jjHI 
I_ 1 Q_> iL^-ilj 4jjljJI ^lj)!l J^-C. jl^J-^A-i (J^ 1 >LLolI ^LailoJJ (jJj jJoJI j -\-1 i-uo.0.11 ^JjLji. 
(JJoj 4^j j_Qj .jluiill j jojl au!Lq jl^jj*Jl cjljL» jJjUlLI jLaj-xJI jj^-i jl 

(3 j'J-is'JI j\_i>_uo.Q.ll (J-C. j\ q /no. 11 £_uo j_q jc. jJoill (jA x \ jjljj 4_1L^ (3 4 -q jJoill 

. juj Lo. 11 j_Q (_uL. 

(J </QO *WM a iBj A jjc. j\*\Q lo / II Q j\~\ O \ Q 1^1 LlLSj GHj EF j\ \ \ i/O Q Jl LUjl Ijl 
i£-“f;u^ u' uj^; u^ sSjtclJ 4-^.U. ^j jjljj Ju: 

,4-_iU=JI j£j_a j jljjjll u' UjjA* f '"? " 

g p 5 __5 

uu^ jUI tjjjljil J£ ij ÇjjjU IjvUt ipUj jii ‘jSI^JI ij 

jjj p _ ^ Ç- & P _ 5 

Ijji Jc. ‘. m 11 jljUlj -tjUil jja 4 0 I * ñ jjCi jl Jo UjJ J fl m N JI Ja Uj£.Ug L^jLfl^ 
f Lc. 4X.jU.1 (_^jll (_£_3 L}JI_j _J' .j ‘ a II (l_0jl Jç. ‘JLsJ^iJJ jlj^- 0 “' 1 J-^ ‘II 

, f \‘U < \ 

“A Balance.”Little Stinkers section ofPhysics Teacher 3 (1965): 39. 


rvr 




























frbjAflll 


jj juu juuJI (N £) 

j)_Q 4_tui_j j^li. nill ^j-oj jl ._u~N- > j| JLjJI J_C. jjLuJI Çi (j \ (jLL'Jl (jjj-ll 

JLt çgj >uaU I (J ^-L ni' l ur 5 -^ L-. ' . ^A lll Jjjj .Ja^JI Js. 

Jjj^j jjJ jj J -S W l) Lo-o jA. jLj Lkjl J-~S-1 J_C. Jj-Q (_^1 cij J-~N- 1 Jj\. L~N- 1 t Ji.~S.ll (_£jlj_U 

. jjljjJI SjLlIxuIj J1 x a 11 ^tLLj j^l CiJj LLlii jjLi ^j j-Qj .i__uLxflJI 

I = (£J3 II ^LjJl j^ L > ' 0 j k II i__u_uCi-flJI 4.LL ~k k X q ^jLjj-flJI ^-uLiuu 

jjl j-usjll U_4> (3 SjaJLu^ 4-Lls (jLu» (j-Q j •(jl_)j'-^-ll J3 S ^ C ' cj-° 4.SLuiiI "K O \ ~s. iTVlY^ 

. J.i- -> h-l I J-C. jJ LoJ 1 i_jj-S ic.j jL5L> I 4-L\5 s I (j J ^ I L*_s (3 j Lmj 


4-iJj-oX LuzlC. 4jjIj-c (^ 0) 

^Luji.'Jl j-Q IjljflJ xjj I jj^l jjLi j^s-fl-~bdI 4_ujLJI j^j-q CjI j ^Luji.'Jl (j| 4Jji-o jj_Ljj 
^i-S . ( LLj_i LluJ I ^ L£Lu LjljJ j-Q_uLu (jj-ll 1 fl fllji I J-C. £-i_>jil 4_ujLJI j^j_Q Cjlj 
(_£Jj-q-3l 1I kiLJI cJjj-2h_j j (_£Jj-Q-*JI ^LajJI (jc. 4_fl_ii_k 4JL| (_^1 < _niimni tuijj-kJI 6i-A 

LsL^ Ljc. L j-4>j <Sjc.liJLj 4-uaL>JI JLcj-j'Jl 4 aLq ^jlL. Jl^ 4 _i_iJLJI j^jJ. 

^JiJI i ji >j 4ij l_fl_Q S juLS 4-J 3 ti\s 4-L j-Lll 1 ts\ x 11 k>Q nC\ j_Qj .^i.s'JI jjs. 11 Jjj^. 

.jH *JLI J| ^L-s-> (_^JJ1 tj^u^-flJI j^LuojJI 

^JJ ^ UO^i 1 cJuj-~N-> jLoJ. I j_Q j jLi t I C_iJ-L jx. I tS\ X JI L j IJ-Q jic. 

1 jj i j-LI (_£jj-u~is fL-j L^J 4J_jj-Lll Lu^-jlII .LuculJI 4_d jL j^j-o Ji-xul 4-.iL pli_>^!l 

,9 p 

ui L £xSJ tJj jJ jj*\ lAU I J^-JJ . 6 J\ tS^ Q 11 I_UJ-3l1 I j-Q jLr11 (_£ J 1 jj I l_£j I JJ J J Jjcq j jLj 

. Lc^JlII Lq U-U jl JaJ 4_L)jLJI j^j-Q J-~S-> jJjD-ud cj-i J-~N- ll 


4i4Lailtl ^LXJI (n) 

(3 .(u-Jl) Lu^-3lII J^-S LgJ 2_X«CJ-Q (j-3h)l J| (l) 1 is\ X J1 J-U~L> t(juLJI L X Q Cj l_3l_S jil li'JL. 

Lu^_3l 1I jj^J tLLlflLil jii^'Jl ^-uiijll J| j_c*Jl £jll j-o 1 (g K gLj.-s.ll jdL. t^iljJI 

. (i_ I tS\ X 11 J_C LjJ Ls J-SlLq (I) 

jjju_i jjuli jjj-k_i_i tJLll Jjj_uj J_C. . jjj L> X 11 djLn JiL~s-il S-i-C jjk dLiJs 
L J-Uii— Q j-*j I J |J-3CQ ^_Q ij J jk I WH IjjJ 3 1jJ I ^ j LujJ I j 1 AJJ n\'\ /il t ^ j-*-l 1 J_C. ^J IjJ I 


VY i 



^ Luu^ I «kj.^. 

ju_J (t—j) 1 tS'i X J1 ^J-C jjjJsl J&£\ ^j-JlJLs .jkJj^I 4_L_£Li Jjj^. (£33 ^ ^ ^^-jJI J-C. 
j-o jJLuU LcjIj (_£jljJI L^XjLuj J-ki lJJ tj-i^'Jl (£J3 II l(j <<Aj jAij-sLlJ IIsK 

.(!) Lu^JJ ^jljJI ^jLuUI 

Hoffman, P. O. “A Mechanics Demonstration. ” American Journal of Physics 
23 (1955): 624. 


(W) 

jjUluu . Jil lJjj ^-C.Jj 4_jLj jJjj 4_j*J I x II ^X.ljJl £u-u^ll jJj^j jl £_ijjj Ls 

£-q j . L&jjL ^j J(j n\\ jj) çd j-q j i Ji I 4u 4_u^LAJI (£3 0 11 jlLuJI cJKlkJl 6ji 4 -q_lS 

3 1 mjfl j-~^_> ^J-C. (j\u_iLUI j\c JL-1UJ L i <A> 11 -Liju tLfl <n 0 i LjIjJL Lua_aJI £_u^JJ <UJ J 
tL-LJI JLu^j*JI 4 L0 i lAiC. ( jlLuJI cJLJLi-'Jl j-Q -LijJ ^aj j-Qj) liJAs.1 4-oC.ljJI 6j-flJI j-q 

.'Jjl 4^jjUL Jil_iU*Jl ^C-ljJI £-J_iAJ_ 1 ^t-O-U-J j 


çLojcJI Ltlc JjLxu (N A) 


^Ju^.1i_l1I jL'N-1 I £-Q (jjjjj 4-ll Al) I Jl i^. jjrCSj ^L*.jJI pLlO^ JjLuJI pLjl^JI 
4_u^lkJI 4_^j_2iJI 4-iLLl I |\lA»^i ^j j-oj .JjLI ^ L /ii 11 ^J-C. 4 _LjLs ^jj^-Jjj Lojjj 4 \ L 11 
t LJ LEjj I 4_LjJi. 4j LL jjLLuu Jj LI ^_L_<uJ 1 JI _lLq I ^J-C. ( jA.Q_A-Lq Aj_q JI vAjC. 4j 


iqL 


j I i_LS_q L^jj 


g-l auq 11 jjjwn tjjliil J .4 jjIjji_l1I 4j^jjUI LiLLJI j_q LL-il 

jjJI ^UUl jA_U^J UJJJOJ i 4_lLJ 1 jljj J £--Q tjjkjJ'Jl 4_OJjI Jj_Q tL-iul_QJ Jj^*jl 
t^j j-°s3 .4 jJI_Sjj*^I 4jIjjUI LsLLJI j-q t—S.i-O-k jI_lLq L^ja. 1 i 4 -Lj-~n_L 4jj1jjUI 
JjLI ^ k < 11 II k 3±& gLjl jkl 4jJLflj. 1 1 4cj^u ^ljUI J-C 5Jjj-tu jj^Jl g-1 uua. 11 tlLLoJju 

.jLuuJL JJ_flJI j_Q 4 jj-qj Loj 

^j^lkJI g- J^jlll cJj 1 m L-uuLul ljj>4 L&jka i—S )/i~i jl 4 jJjl 1 1 4-1*1*% i_i x 1 \ *J 

j_q g-LujUI jl_\~v i_iji (_£i-Lq jjJjj jl 1 \.\ 1C jU tS/ukJl jl_ks*Jl u_sLu^jI CjU t_iL1L 

i—sjLu^ Lok 3 .4 j*jjJJ 1 jl jLsL 4 _u^LaJI cJjLlcJI J^.1 j-q Jk.li.JL jj^jJsl JjLuJI 
4^jjUI jiiCi \ \ ^jj*.iJjJI JjLuJI p! 111 ^ 11 j-Q Jjjllj Jjjll Jjk. tj x 1 4 \\x 11 jks 

. 4-JjJ L 4 _ucsLLJI 4_xjljjjJI 



-s. C. 

Stannard, C. R.; P. O. Thomas; and A. J. Telesca Jr. “A Ball with Pure 
Translational Motion?” Physics Teacher 30 (1992): 526. 

SjlJjl &1 a 1 Jl (><\) 

SjljJI 4 .L~n-i 11 tSjljijJI 4.L~s.ill ^J-C. (J-C.I jliLlJI /7ill 

jl Lo_i <ctUj £-QJ .L^_i*JJijl J-3LJ jl 4-l-U^J-J_Q (ju^. plj_UJ <4 .‘ii£. &L>>_j*JI (3 1 (j mfl ' 

j L.1J-C-*J1 (3 ‘A \ LoiA lC. i_Ls L^_iljjJ jl Jj *Ts <I 'Oc. J_c. LujIj CiiLq.>I 4.L-N-lll 

^j-JiJI Lq ^Ja-gJI £-q tilKjLa.*JI (jL^ <JoiLfl ^Jj-ojlJI jj^. 11 (Jj^- j-'-jljjjJI 

. i iflC (J-C. LujIj 4.L-s- ilI i )'J_Q_il ^_q j_q*JI IJj£> ^j-fl-^-jJ i ij-LLilI 

Barnes, G. “Tippe Top Thoughts. ” Physics Teacher 25 (1987): 200. 

Cohen, R. J. “The Tippe Top Revisited. ” American Journal of Physics 45 
(1977): 12-17. 


J-SloUlJI ^jUtgLuJI tJU/Vl jAaJI (Y ♦) 

— ^ *m 11 p^--n- 11 ^JjJ-ill jj )llj \ \II tj'y 11 (^JjTill I (jA-> Sl jL-s- 11 ^-ic. 

i ** Ç- 

6 ((^Ja LL 1 1)) 6 L-fc. I (3 j.-N--fc-ll j-ijl I j Li . ijJj L n 11 liAA J^-^3 (3 (j ‘ 11 * — J ui ->fc 11 jj ^fc q ^l 

^_q (j ^-1 <Ljjljjj j.-^>_->fc-ll jii (3 *—sLLill 4_)l_^_> (3 MKnojl 2,^3 <_< w»5w mq 

<4 \ ii i Lj_q 4 j^.jJj 4jjl_laJI ^_la_uj (J-fl_<.u*Jl jljjji'JI j)mq1 \ .J|JHa*J1 4^jj^. j!j_qJ_ujI 

. j) 1 jj -U 1 (3 11 j-u ^ < ((^-i^-u^J I» 6 L-n- cj 1 (3 I j\ x ts~\ iTs Lu^ Lj 1 jj j U jc. 4 Jj LLsJ 1 J ij_u 

<4_lsLu£j| 6j\_i_u2 4 _lsLu^ 1 /m ) ) Jjl J)!^-q_) tSj <7\ u i q 4-jjIjj-4j*JI 4 ^jj^JI O_olj Lq^j 

4_KK“)VJI S^JLll i XlA ((^_La_t^Jl)) 6 L-n-)*J 1 (3 (jJ^9'-UI ^)-'N--n-1I JjJ-^-J (J-u^Ijj lLii-n -\ 

.iu^uii 


Walker, J. “The Mysterious ‘Rattleback’: A Stone That Spins in One Direction 
and Then Reverses.” Scientific American 250 (1979): 172. 


VY‘\ 



^ Lm^ I 4^ 




A iA^ULII iLuzLuz jJI (TN) 

£5 ^ 

.1 fiQ >q 4_ual_uaj j^ L^_1 q 4-xa-u^11 SjLLI li_i£. Lq p^l j^ qL\LU1q jL_ u 2LuajJI 

CjahjJLI LlLu t4_lc CjLjjIj u_3C$JI £_q jj-o ^jLuHj Cjj-o L^_jI J_i (l^ 4_ual_uajJli 

* Q * 1 A ( I ^ 4_u^ Lua jJ I ~vj j jOLjJ I j U t UJI L jju. > I j • ‘ S Jt (j 11 (3 (»—J) 4_u^ LuajJ I 

J'JU (jLl.ualuajj| Lil5Ll ^u*.jJl (3 jUuJI jl jJ ( 1 —j) 4_ual_uajJI ^u*j L§ _/U_ill 

6ji ‘ Q * »A (I^ 4_u^L u^jJL 4_u 2LkJI ^I da-ua'J 1 6ji j j^Jj/i) jj iAVc. .LflllC 4_jLq jJI 6jrliJI 

. (i_J) 4_u^ LuCijJ L 4_uO LlJ I ^ I jJa-ua'J I 


Jojj^-oj oJjJs 4LKH lj£j-c (V V) 


(jLjLlHI uuii . .Ljj-Ll 1 ^LiGjl «^jj» 4_sLu-q (J_£. £_H_j ^J>l_i ^jjIj LjjA_ 1 4.L5L1I j^j-o 
4111 q ^Ll j-Ou j-Q Jj5Lu Jqjj 111 jl Ljj-uqj LjI jJ U_uqIj j\ i/Q wn Ua 4_ll<Lll j^j-Q 
J-C. £_£ls 4uJj-q 4u^_jj-Ju j^ 4-L5> j^j_Q .4_o_flJI juC. j-ou 4 uJ!Lq 4u^_jj-Ju jK*J 4_jjlj_Q 4_a_iflj 
jLL'JI jJLuqIj j_a_uQI ^ulj'iJI j\_uQU Lq.ii> ttJJj £_qj .4u^_jjmJI ^Lflujl uuJu 4 _sLxlq 
6i.iC.Li 4 >~s.L ji£lj ju^l 4h5Ll 1 j^lj-Q CjLcLljjI JiiL (j^a-O-'L 1 > <Jajj.-s-Q.il ^-^jLaJI 
£_jj 4iLu_Q (J-C. £_flu 4_la_fl_j 4_L JajjA_ll 4-LiS j^j-o jA.fl.-Li > <iJJiJ 4_-s_ii*> . JajjA_l 1 
.(J_oLCilIj (J-uaLfluJI i il /n-s. ^ljAJLuL ^_jjJI 4_q. iS 1 >1 lua jLuJ. I j_oj .6jja_Q ^J_fl_>jl 


du*!}\ jU cLLJI (VV) 

£_uu jj (jjj-il .jljlcjjl c-Lul uuL.LflTill 4_>J| L j-'s-’i > (_^jll £-uajll j_C jjji 6-L>JC. J-oljC. 
Ijj6 jyc. ,jJju_> jl Lfrli-ml (jLLa.l_fl_> juj j-uaLflJI j l-s_ 1 I jc I (j q -s. -s. J_> j_> 4a*.liu ^l 

jK'ill 4^.1 fl7> 11 jJajj <1 _uLJI jj ji-iujL SjjasjJJ CjLUIII dJjauj *^j j-Qj t ji-s-ll 

.(j-fl-<.uj 4_1j /n > Lq nC\ jl 1 Ko_> ^Lj_ 1I jc-s-ll (j_Q j-i_ual 4u^.l_fl_> (jl < jjl_fl_ll j .L^_fljJ 
^L^-akl CjL ÇaLfcl fl j j 6pJ-Lo-o jJ J jL-L 6-L>CC CjIj-q 6Cj6 £_uqj-q_>J 1 6 jLJ j\_aj 

. j_C*Jl CjL j > /nll j L-s -s. jK^l CjLfcLfluJL JLll (g V> > m <4_flJHa_Q 
£_uajJI 4iUa j-ua-> (ji^- IjljQ*> ml 4_s_ualj-Q jTiS 1 j ^UajJl jj^-j <jKSll 6jj-uaJI j 
jia*. 4_a_ualj-Q ^jjl j CjL*.L flTi 11 4_>_>iLi. j^j_Q jj*\ > jjj .^jJ^jl L> 1j*> m q J| 4_> 4_uaLkJI 
.lLKa>.| jl /Tn -s.*Jl jj_ua J_uul j jJjJI (j-Q ^->J^jl ^ 111 Q11 j 6 Jj^jJJ Çjla^Lfllll j\_uau 


VYV 




P-Lij-VflJI -s. C. 

5pj.1_q_q Çj1 j x a 1lj Çjl j j Q II CvjU jJ 4 x <<ol j_q ^_jjl 3 4_v_>jUJI j^j_q j j*\ *■ ili J 

.4_xxflJI j_c j-v^^ll ÇjUUJLi c_alkll <cJJjJ 4_o_ ii>j . 6j\_i_uoJ I OU.UIJL 

j_C*J djcdLi 1 (j I x o. j^_o_> ULV\ _LujJ I ^Luva^l ^"i~v 4 jI jjfc 4-aiA jJJ SjLJ 

cjL 1 jJo-uo'JI 1 x\ /n \ jvjLuj'JI 3 £_>_>jJI ^J_u^s 3 jj)~^ £U_>jl_a !U_>jkJI > 

^Jj l-£aJjC ^.*i_Q-> JJO. <<oll C.L->>_*> (J-fl.Uj'J j'Jjj'jLi Çj l 1 1 VO- 11 l J-~l->J ^_Q-UVJ ^-"JI 

3 Jj^jLI £_JLuoJI (_j| £-^Jj 4jl_> joJl Ijji jujufiL) Lq SjLc. 4_LI ^vCj t^>_i_vLl L^_X_uo j_q 

l Ç. p 

j_Q 1 (3 *\ \C 4 _->*-1 v. 1 II jU-s_**> jko_i J>LI t jl_>j>Aj J-o.-N-i (J^-uj Cj l_iIjk-udJl jULj Laj 5> .(j£Oj*JI 

i^JLJI (J Ij_uvlI 4 jL| 3 j^-a ^u^u^JI 1 _x-i-ui-i (Jl <<o 0 ijl j_c j^.1 JLLo^j . jljIL&^!lj 4_oj-uo.ll 

^Jls .^Ull 3 «j-& i_-jIjj_JI S jl Aa J| (Jj-o_"v>j ^Jluj jl ^-"Jl SjjJI Çjl \ no _Lo_*j j_>I 
Lqj£)Lujlq *J_qLc jl in3 Jj Jj--s_"vi jSJl sjJJI ÇjLvv v-N-l J_C*J1 UL"vL 1 I _i_s_i 4 JUJI 6U> 

•C5>=*^l (jr* 

Raybin, D. M. “The Stones of Spring and Summer." Physics Teacher 27 
(1989): 500. 


SjLAII iLujLaJI (V£) 

4 _J_JI ^j-2^._l"v> Lo.*vvi .j_qJI 4 0 i 0 -v J iÇiJ-o-i Lq (_£ jLujj (1 uUJI j-P j<cj-^-i 4 .vlvll _ 1 aLuj 

ç£A\ j-®3 .jJi_icLv"J* I (jJLuclII (jo 'J_via lo^" ^Jaljll (3 L$JU <(_gj-l* 11 i__ajJo.ll 4 -u^.lu 
j_q ^j*i i«oq ^ jLvO. Jo 4 J Jajj--s_o (_^l) ^jjj-Q isjj-LJ* ^Lq_uJI _UC 4 .‘vvC jljLJI 4 lo o-LLq 
.(_£ j-fi-Q jjj 3 Ijj? 0 o Ij _i-Q-*i_Q UjJj_Q I j l_UJ_Q LkiU £ J^-jlJLi J\ j*\ i i / l)*J_i (jocoja 


Tdge, iC D. “String and Sticky Tape Experiments: An ‘Antigravity’ 
Experiment. ” Physics Teacher 16 (1978): 46. 


SjLai-o (^l (YO) 

jl X lo 0 i (jV_ij!^JI jl ^ io. u o .*Jjl ^Ull (J-uC-i-uj ADC jLuvLI jljlol J_C 4u^.jj^._ l"vl 1 SjUI 
J1 _l"i_Q 1 J_C £ jLuiJI £_Q jLujlLo AB J AC JI _1*VQ 1 (J_C ^jLuVvll jlJ t (>"vl"i 1 _oLq (jCLa l_UVQ 

DC jLuvLl jvc clj-o_"v i jLll Sj^-JI jl lo uj*JJ (_£jLuvd*l jI j--N-*>JI 1 x i <11 i BD j AD 


VYA 



^ 1 <n~v^|I <L 




.AD xnJI jljlol (J-C. £__ij_uJI 1 (g Lj vA J'iLA. 1 ^uu/ 1 m*sI 4_Jlc. 4_uIjTv>I 4_Cj-uu_i 11 1 
ijjl 4_ulJ ujI 4_C j \jjlj 1 11 AB ^sL-LI i_uUJI J-C. 4^jaJiil SjLJI t^jjLl 4_u*.L J_q 

■ IjO u^ (_£jLiu 4_uljj_i'JI Lfrlc JU j/J ljA~> 


jjj^laJI Jji (n) 

jl j-u-u c4 j'JjJI d>ljLuill ju 4 uj1_0_LLjj . J5L<iJLj 4 jñ j_q j-%u^s'Jl 4 _u_qjJI CjIjLujII 
juluJl i_ x lcl .PC jl PA jLuil jxuJj PB jLuil ^JaljJI (j j\^s*JI ^LojJI jLuil 

. d 1 ^Ls _iVC- ^j-uUil ^j!l L-All Ij jLuil j J*I-1 AU ^U_QJ jLu_0 j"u^-Sl jl jJJ_L_» 
jLuil j_q_ujj_S t (p , 6 jU^.*JI 4 _k.fl.Jl CiLul-l^J CuL IjLfl .1 in ^juuJ I J_ 4 j jLJ 

• p/a > p /2 CuL jJ (J-C.'J jl_k^uL 4 _Lfl_Jl 6 J(j i (_£j-iJ'-JI 



<((CxSj j\^sl ^JuLLg)) 4uic. jiLu (_^iJl <jLuil Lj 5> (jj*. <j| (J-uCiju j_Q Jjl jL 

ij^ — fJs (_gjJI 1 _ a - Wi II j)^-l <((i\VIA—MIV) u-H- 3 ^ 

4_sLfc. (J-C. 4_L_fl_i 4_o_tujj (jU 1 juji-1 L 4 \ wn 11 jLuiI 4_fl_uc >jj jiLilLL (J_a_flJL Lij j_x_q 
^JL c. (j CjLsLLJI j_q _Li_UlJI (_£jlj <(JLcl-s. 1L (_£jjJ- il jLuil <nn .4 j^.jj^._lLq 4_L_C. 

. (( 4_lu cl^Jl (jLufr» j-o-uj 4_j| 4u*jjJ 4 _lu_L^JI 
(_j_u2uLu JLJLi.j!l 4 _q_i_L»JI SjjLJLs i 4 _uu_4i_Lq «CxSj ^jLIu» 4_.LuaL LuLil ^jjjjJJ 

y S V 

(J-C. SjjUI 4 _Lq jJ_L_i (_^UI £-u2jil jc. jLuJI jA3tj L^AiC. 4 _u_qjJI 6jr\_flJI (j ^J-flJI (_ii 


rr\ 
















gh jiall ^l-s.c. 


Hoffman, D. T. “A Cycloid Race.” Physics Teacher 29 (1991): 395. 


yU-Si.1 j^t Ciij (YV) 

jj^ 11 .CjLsLfljjJJ J-3t_uCJj Çjl ts~\Q \ U laJ-^J jLi dJjj ‘jl j m 1 L> _ >) 4_J_J1 6*\ jjj 

4-JjJJ 4-.l.ClS*J 1 4X.j-'-ull LjjLuubo LojIj jj^j 4 \ \ x j CxS j j^l (j (i_>) 4 -lLlLI 4x.j'-lJJ ^H-S^Jl 

p vj P p 55 P P ,p. 

jl L&jLlllo SjjlGLo (jLLihJl (j-o j^l £_lujj (_>u-J 4 jI jjJjj .1 (j ‘j o j^l jl (1 j 
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'* jLUjLo jHxlclS (YA) 

t(_£jljJI ^ j 1 jjj . \ 11 4 h> Lul jj Jajfl-uuJl ClS j JJ_->>G .*Jj 1 (j<Gj'JI i > j-s+G uu 4_>^)l_»J 1 4 _llO-SJ1 

J T\ * .> j . ^jj 3 U jllj 4_>_>jl_2iJl {j£. ^GLjJI ^j-xJl (Jjjco £_o LjJjJo i_j_luLjjj (_£jJI 

.4.Llv11 çyjj j (J-c. Loj 5>'J^ j)Loj_xJl 

jfl> m 4-ll<Ll Ij ^JajjJ. 1 (ju^jJlJI ^JaflJJ CjI J 4jjUJI 4j_uj_ClU (_£jljJI ^jLlujJI 

Js~ >_s uCsS\ lu .jlç-sJlj 1 ts^% 11 (jo 4 j jljJI ck j 4j_uo-flJl (JjJ^ L o>-v i (3 g/2L) sin a 

(_£Jj-Q-3lJI ^jLlujJI jj^_i t^4u^jj \ * (_£jLlll> CV^ (J^j*J 1 4_>_uC-flJI 1 _Jj\-Gj (jl 4 j 1 jjflJl 
.g 4jjJl_2iJl 4 1-s C (j_o j\^l (_^l t ( 3 / 2 )g 4 v Q 11 i__Sjla Jjfl. (J-fl_LU*J 

(J_C. JaJJJ -0 M 4-ilVs (^Jciflj p. LLLa. olj 4j_uClflJ (_£jljll ^jLlUjJI t4jjl_fli.l (_jjJ_LU (J_C. 

t g = d/Lj tk = M/m ,±ll^ ta(l + 2kq)/(l + 3fcg 2 ) jj5L> jj-JJ jo d 4 _sLllo 
çjl x \\ 4_-s- 111 11 6j^J .4 jjI_3l 1I 4_>_uc-fl-U (_£jljJI ^jLlujJI ‘O, = (3g/2L) sincxj 

4_SLlllLI (_^jJj (J-C 4lTlAl 1 1 4 1*V\ 11 ^_u+> ^j (j_oj t^ = 2/3 jj5L> (j-L-~s_S .4jj*.l_fl_o 6_L>_iC 
ju^j !4 jjI_3l 1I 4_>_uC-flJI (Jj 4 j_lujJL> 4-Lu-flj j-ti (_£jljJI ^jLlujJI jj*\ \ uu t jj^k 11 4_Lfl v jo 

jGL j ,_L> jj j tjJjJal Jajfl-mJl j_oj ja_ucj t\ j-o (jsl (J-oLslLI j-Uucjj t^ > 2/3 jj^J 
(jii^> a llj .4_fljL luJI 4~s- l 11 11 IjJ gll> (^^ ^jjiJI jG 1 j j-o j^l 4 j^.ji_L> ^jIjji-UI jj-uC-flJI 

. g < 2/3 j j^j j'-^- 


rr* 
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(j^ (V^) 

(j^J .^^Jl Jaijd-ujJI (j_Q j , '-ul (_^l t4_ujLiJI 4 L c. ^jjSu 4 L > j JjLiJL i_jjL 1I LQ nn 

Joj-dxu 4JLfc. (3 O “> J S^) Lml,I j)*J tjLlI I Jojd-uuJI tJ j i /n 4-^fc-inlI 6 J-4> 

(J_C.*J Sji tJLlA t4-x> jL>Jl jJc. S^)kxull (J-C. 4_i_)jL^JI Sji (_J| 4 _sI_Lj'JLs 

4_u J LLI 6ji jjC. LJI (_J I ^j_*J jj • 4 _j_u£^JJ L L^J Lc_j I 4_Lflj JjC. S^) L / 11 1,1 ^aX. Jj 
( j-o j\^l Ji.uj'J £jLuiil Lxu J LjLo ^Lu j)l 4 _~lLqj 4.wS^)*JL JL^j'JI Sji 4_sLi| 
j)Loj S^)kxull jjl (_)-o^)_dj^ .S^)L /mII jlLLol ^J-c. 1 (j 1 \ x j JoLdj S\c. g 4_ujLJI 4 Lc. 
.Ls LJI C_ijJLI 1 nu.l l^)JI jj^ 11 j I JjL t4 -qJqIxq 4 > 4 _uL 1 (j 6 jj LflHLoLco 

^jLuJI 4 _q_ls^ .^jjI^)JI ^_q S^)L/nll I x\ts > T\ (^dJI 4-jjljJI ^ L^ i .3/ r Zg sin^^E (jjL» 
. Jil j I 4u^.jj X 0 (Jlj^*. g L-xj ^jilLuj $ SjLjj jj ji 6 Lj> 

S^LJI jl 4 -jLJI 4j jlj (JJ-dj LjjC tfj_\~>fc \ / 1 1 (_^JJI L ^jLl CjLlj jXj i__ 

4_L_JLJ S j LxU-lI ^j 1 nlT\ JUJ (_Jjb S 6jL auLoJJ (j-fl-tuJI 1 SjJL I (_J| ; }ji I £_L^iJ-Q (3 V )J)5L1 Ij 

*> g 4_ljjLJI 4_L_c (j jiG 


Edge, R. D. String and Sticky Tape Experiments. College Park, Md.: 
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Theron, W. F. D. “The Faster than Gravity’ Demonstration Revisited.” 
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*jjLLiijLuiILo jLiil j_L_ujI (V % ) 

, \_^fc_} ^ L /uII ^li (3 *SLL L_Ltu (jdLjL j^LJI 5 L-^j^.L- \ (jL>ljL n I 

(^LJI 4^^)jJI TaLL JLj^! LjLulo 4iljLul i_LJ 4^^JI 4 J 3 LL JL^J j)l 

4_ujLJI £_uo j TsLL (i ^JI (jl t4ilj ^LiGjJl j)_Q LlLla L^_jI Lj t(_£jL*Jh 

^-LII 4_L.j (JIjJ^j) ^LdJI 4 ^j^LI 4il_L JL^J .L(j \ \K (_^ 4 m u jIL (jL 





£* ^ y*J i(l/2)mv C m 2 JLSIjI <y* 6j^ 

4_>jljJI 4x. jujJI CO — V cm /Rj (_£jju^fljl joLjJI I '- lA a. i(l/2)I(V 2 Jljjj 

yuuj t JydjI^Ja-u)*JJ 4^j^JI ^HsUa (3 1 jjj. \ 11 L&^J^S ‘ h-u2^ 4jlj) l~i niJ 

,^'m^i a.1 l^g (^l Vcm 4-q_lS 3| 4_aj^J.I 4Jlj) ni*JJ j^*JI Q II ^*3-^ 

. 1 (j !•>JJA 4 _L^j JIUm 11 4x.LL) 4.SjpsJ. I 4JIj) m*J I 


^JJ jxLcuJJ dl^^l (n) 

JLu^d'JI 4 Jm.Q. \ c3° 1 ^ III 4JU ^_£L3 <<Q j”\_C. ^l aJJ n)*JI 

p gjj M 5* ^ 1*1 ^ p 

^JLsl jj a jju. 4u I^Ja ■ i NI ^j^-U jjl . I \ lA -- I 4*^1 .n — 'JjLo P J J ■ i >. I j — ^j^sj'JLj 
jj^ 11 I J-A 4_j j^.1 -L II f j_*JI jl idLLa.'JI JjljLoLjj_uj .d lA ^ I J\ j P 4 U3 'II \ j-cj-j 
^ulill jj"j jj j jjLS joI j-L".■.I jj .4_*jIj jljj -u.ju LjLs 11j-fl >^ (£ 3 1 ,n j P 4 U5 'II \ jLU 
‘.2RF = (( MR 2 )/2+MR 2 )(a/R) j! _s-ud j! L£_cju <P ikilll f >JI v Lum 
jl 4 JjL*II 6 J-4j 4_0u-j_J-J J 'jIj L ..NI j£JL ^-fl-S'JI J j I i n j II Cl^ j-kflJI ■ fl-uaJ R- 

.F/ 3 jl ^lAI sLd-JI j jSLJI dLLm-JI S>J ^ .a = (4/3 )(F/M) 
£-i-u 4JljLm'JI ^ju.-u jl pjJI dj-u jl _-^-j ISJj-uJI 53-5-11 aLdl j ufl'j J jj^Lj 

jSj-J-J jjjLij j 0 \ j Lj-j (j^jj*JI ■ jjuLLu-J j*u j-°-9 i j^Ldl dLLL-'JI jujk jfl. ■ fl IJ. II 

.dJLUI 

Relland, R. J. “Two Fundamental Surprises." Physics Teacher 27 (1989): 
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Sherfinski, J. “Rotational Dynamics: Two Fundamental Issues." Physics 
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-^jhll Lj .4II . aia (TV) 

<JU=JjJL (JLu^u'JI 4_kflu jjL J C jjjul jj-i j-0 ■ fllll 4JL*. j c4jL f LuUJ.'JI 4 _juuuJL 

\ \ \ lc I jJ ‘P 4UJL (jl^^jJJ ^JLs'Jl ^jjpd. 1 ja±jjj .4d^Ux) — P L^-jO-uajJ^ — 

„ . ** (■ . 3 

Sj2 j-q ^ILq jjpU.1 13 j 5> ^3-c. ui^-^d . ^-O-S'JI jjpU.1 I3 j 5> >djd 

idjl^JI 6Jifl \ Ja_j^ ujJI j-Uxu^ .4_a_sl^ (_£ I L^j J(2>J 4u*J ‘jj)^ II lj(g i J^dj-ulll 


rrv 



^ 1 <n~v^|I 4^ 




4_\jlj (jjilj Cf ^*3 .^tJa_tuJI J_C i x .uiAj (. olU jp jl_\ (y / R (_£jl_tu_\ ^pJl) 4_^.j^JI 

i QLj 44x.l_mJI t_ijLflX. fcL^I (3 Jj)-' > >J»I JjJ^- ^j-sJI JjIj t4^jj>>JI 4\jljJI 6J-4> Sj-flJI 

(> i Q 111 i Q1 * t 4^>.j_2sJI 4j jI jJJ UJ.I 1 *-*UJI J-Cj • * IjJI &L^. \ I (3 *■ ^ 111 

..J-L^ljJI 



ji (rr) 

cj (_£JJ_ 3 l 11 (J-oLxil ^j5> 6 J J.-U I SjiJl jj !4 Lo-uoII SjUI J_C Çux-u^I I iajj-LJ.1 \ /n 

tjil jljjjJI Jj^ 1 (_£jljJsl Jj^-<U (J_qI_3lJsI 4_C_lJ J1\_\U UKj '(S^)3 0 II ^J^-jJI 4J J Ls_q 

(_£jj_u3-aJI ^u^jJJ 4_\ J J x .11 J1j v J_qI_3lI lj .j'dl JuUsl ^tJa-mJl J.C. ^jl <n \ 11 

4.\ juil 1L\ 0 j Y (c-1) <4iljl^ au^II jjp>_o Jjj^. 4Lo-uo-ll 4uljl^ au*^I (J| 4-LxaLlL> Y j \ (l) 

ss _ P ^ P ^ 

4_o_\_flJI (jLs (_£Jj-q_ 3 lJ 1 (_£j-*ljJI Jojj-LJsl 4 \ m \ 1L\ LqI .l_^_l jJaJ (_^1 Jjj^. 4*Lo-uH SjUI 

^jj^-JLj Jajj-L-ll (J x 1 j .(jl \ /ull Ç.uo-u^J.1 Jajj-L-ll ^l_sj_\ ^L\ (j_Qj i\ * j X ^£b 4Lsl^Jsl 
4l*\5Lll 4 _qjJ£. 4 \*\ L 11 4 0 U 4_\ JJ_\u 4 (JjUsI ^uLs-luJ 1 J_C Jaj \ 11 plL\ I ç*. \ o"\ / n q jrs_\ J_C 

£ o 9 

.Jajj-^-oJJ (j J \ /nll u-Sj-JsJI (j-Q i_>j-flJL\ IsjjLJsl 6 JC.U j-U.fl-1 jLuj_q Uj-LiJ il\j_L\ 

(j'JuL. j_\ jlj'L^Hj iJ^jjL-Llj SjUlj 4 j Ij /1 1 — 431111 (JU_uH 6 s 1 j> 14 ,\ / n Lll L\ 

.(juJ_\_ q_u)j I j-lS J_C 6Jj jJI 4 jH3I JK.^1 — 4_\lj 1 ull JjL.1 J J-c- 

.\;Y;Y ;l_^_\ 4_ucLkJI ■_ * >>< > j j ~*. j-o Jjl j -<6 jjj j_\_q_1jI jH _iLj 


rrr 












frbjAflll 


j} I djj-^d (V£) 


Ji-kJli .Silau ^LL5>U 6^/uLa jj!^-xuJl j-a 4u^jj^.j^jl ilbj-~v-i P-Lu 4_ucLJ 1 4_J^j| j| 
c1Lxllq_> £-ucjll jj^ ^C_J1 4_kfl_i jj^_3 ‘ jj)*^ 1,1 II SJLa. • jjt£ (J-° Ij-U 

4_i Jj-oX. T I Jui 6ji . Sj-cxj Uo 4j_i_j J U. j^/-a j j^ 3 4_i J 1 L) j Q L~> 11 4_i 

.(Jj-^JIj j- x -Lll (jjj Ll& (JxL-Vixu .VK (J-flJoJI (jjj L^JjLjljj 

(jGjjjJ-l (jo J-i-vjJI jVL^.jLkJI (jujiJl j| .4_Lfl_Lfl_2iJI 4 L x II (_^jJ jl lVi5Lo_i (jjjl 

jjjli (J^Sj .jflLu^ 1 o(j Cj-o-j-o jl J_u t Ji-kJI jjjj (J.i-~N-11 Juxi 5ji La_& J-flJaJI J-C. 
Jfl 1^11 4-La_fl-i LaC jJVill jA x \ ^ JjQ is> 4_u^./LJ1 SjiJI 4_Luc^_a O-olj Lo t(Jj*JI jJj-u 
iiliLu ^_fljVLxai tt-ilV-JJ Ji-kJI (JLo Ijli • jj^ <n 4JU (j (JJa-i-aj 4b_i_ijL. j^j_o jLfl 
<u,JLJI j^j-o (JiJjlj .t__iLLJJ ^LiLu -iVLxui t^LjlJ ji-UI jL li|j tJ_c'JJ/ ^LjLl 
(jl^ 4 i n \\)) cJJJj t J in^ II 4 \ x </V/ j CjI (_^j! 4 _>LWjjI (J_ucl jJ-o /_^__i j_C 4 x t jij-o j_o 

. ((J. xu -w 11 

^-o ^x-jJl -LLo-V.i jLLl ^i_9^JI jj~s.II (Jjj^. i_flLuc ^jc ^Liii! 4_fl_ijL (j| 4 j^.L_i j^_i 

j-uuJI 5ji <-u jj jj^_i jj LJ tajjvo 4 i-vli ^ljjJl (J_c (J.j-n- 11 _Lu 5ji ja /7uxu .jLLjjl 
j-o (_£ J/-o_3l 1 1 — jjjJI 4-Vlo Sj£ LV. 4u^Jj| jLxJsl j-o jU .j_xJI Iix guVVl jl Lo.LL -0 
^L«' jl j-& 4-L1 <n 11 4_L_fl_i jl JikJI (J_C L .4_3»_fllj ^J/J jj ulvi-^-i jljjdl jjrt-o 
j .4i_ilj 4 _i_3*_Lj j J <n~s 11 4-ii.i (J_C kLo-~s_11 £_o t4_ixlji_i i—iLV-ll 4L^.li-o 4_3t_S J j. l-LI 

j\ X is\ 11 ^ j-*-l 1 j li L^ILfljj t jLilfl Lj! 1 (J1 JikJ l jj ndJlill jSj-d /jiLi 




'1 .. N sl :•- 


LLd ijj ~v 11 I i..... (sx.dl j j^ ^ 4x1 ii iII i_ijlEx ^Lxil d 

dJ JxLdl Jxo-i . j..jI^ II 4 .. . Aj ^ Çjj^ 111 II d"° 4 J- 1 LI 
(jxUdl jKjJI j^xi J^. 4xa.jU- (ijjx 3 1 l-jLU j jKJ *4jiKJI j£j^s Jj^. Ç^j'j 

4i J-*1 .<U*j^.j*JI S^jr, I 111 /. 1.11 4_s_lUj-ci j-o 4 LKI' j^j_o /j-l i4l^.j^-j*JI_i 

.2-^-1jil jiul (_5 jU.*JI jjLdl 


Curry, S. M. “How Children Swing. ” American Journal of Physics 44 (1976): 
924. 

Gore, B. F. “The Chiid’s Swing. ” Am('rican Journal of Physics 38 (1970): 
378. 
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^ Lu^ I tk 


‘•>=* 


:: 'wiA axlaj (j Jjj-U (Y'O) 

jo dlIjrLmll j-q'J 1 .4_flJlLL-Q j jk 6J-3LJ L^fL j_2»_j 4_t*. jj.j*JI J-C. t_i.SIjJI J Q L11 £_j-L_x 


jl) ^Lq*J 1 jl >._ 1 iL-n- 11 J| 4^Ljl J^ kL^i aj£. 4.iii\j ^jju Jq kll (jl J-& Jj-laJI & ja 

.L^jK j! ^Lcftl jl ^ILJI JU 


jjl c—LLrJlixi J 4.L^j Jj-fl-i IaLu <(LfrjJ£ jlc. 

3 JikJI LijL. j^j-o j_Sj 3 jj_Ljll ^jjj jji 4 ^j_2». jGL JTLcvTu 

. 4 -s -vj I SjjJ J^ 4_il_$_i jlc. 4 <Ao -Lj w>!l 


Sjljj (N) :jdS->j-L> 'SLLlu Ji_LJI Jji> 


-T"J 
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3 4lLj jLa. jfij-Q J-ijJ 


.4_i 4-uoL-LlI 4 ^j-n- 1 I 4iLL 6jLj ( Y ) j t4_j 4 _loLJI 4_u jLJI £_ubj 4il_L 
4-kUll 3 jaJL_» *i! ^x-jJJ ^JLs'JI jj--»_lI Jj^- (_£j1jJ1 ^-^jJI <j£ i4^j^JI LiLL jljju 

9 

JJ--S_Q.\ 1 (j L-V j_Q_i (jjJI SjUI jc. gLllll ^j_xJlj .LcjSj-0 4_VJjLJI j^J-Q L^-XS jj^-i ^jJI 

t4Lcjvu Vj t Ji_LJI 4-L\ M o \‘MVL gLlill j_^ (jjljJl ^=*jJ1 «1 jo (jjL loj ^c.jJ1 

e ç- 9 

V jljji jl Jj t j-v<0.s1 Z, J X \ j-U^. . JJ--J.1j 4_i_jjLJI j^j-Q ju 4_S LluJ. I L j 

.lliL MVL goLll JJou (jJ^ 

i—jll Ijjjj .(1/2)MV 2 JiJoJI 4^juk LiLL JllL jljjj <V 4c.jUI jljjj Loj_u 

4c. j-jj j-Q Jujj tl_^_j_uL. J^ 1 (g \cIj j p. \ (jjJI J-LUl J-C 4_uoiljJI JjlCu 4 \ \ /n 

.L^_uu_flj Jj^». l^jljjj 

jl I 4 j 3 LL J-flj 1 4 -s -^j I J^ 4 j l_£j jjc 4ju_i j L j^j_Q JflLl I (jAi_-s-\ ju^. 

. ^-k-v.1 jj*\ au 4J L. 3 L^Is j j j^-j 4j*J 1 4^J_U I 4i LL 3 Jj^. j_\ . 4_j 4_uo LkJ I 

jL Lo-*\ 4_tu_flj jujUI j!j1q! J-C L^LSj J6L1L (j^sLJI 4_j_ijLJI jfij_Q ^_upjQ jj^-i 
SjjJ jl J-q J-Cj . Ju Jj^. j-Q ^jLUI pJ-J IJ a j iiia t jLI 4_sjIjj JuL 4jl J_u tH JilI 3 
4iLkll 6i-&j 1 4 -*■ jj 1 4_3 i_uj j-Q Cj jlj (jUl tlsLkJI 3 1 sLuo i \ n\S q i_JLa jL 4k-kj'Jl 

p S 9 

. 4jj_uoc J'Jk. j-Q 4_r*. j Jj*J I J| J-fl-kll j-Q c.La> 


Tea, P. L. Jr., and H. Falk. “Pumping on a Swing.” American Journal of 
Physics 36(1968): 1165. 



•LjaaJI ljjL^c. 


AaXLSJ (j JLlJL i.J|l djjLiJ (V”\) 

4-oj'^LII ÇjU\.~ n- 111 dL ii a^j Jj^j ^_jj (j- 0 4»-Jfl^^Jl 4_ui_upj i3 . x j > i'JK^-H 

4^ja*. jjLjj ^j-Lfi t(j-n j).L-n-1I 4 \ x / A j U .jj^l 6_Lai CjLj jyi tt\*\ (J| <4jn.j-njL 11 £_SJj jl 

4_\l_^_J JJJLS . ^ ULA^LI IjrG-0 \ n) JjlID jl (J.cJa.1 I J_C Lii&J .l_Ujij 4_ujLUI j^j-O 

6J<n% jj_D Ijjj t4_Lal_iu J Q Ln II ^.^.jjp ^La*JI 4 -n. j'J 1 4_ili_D j >—4. L~n_ 11 

kA <n \ <n 4_j*J t4_jljjJ j^wm jjl jUa_\ JLUI 4> \ \ Ln \ . 4_C.L<jjJ I ( ijLfiLC. ^L-n-J jii^C 

.J.i.-s_lI J-loj jLi j)IjjJI l__Lsjj IjJ ‘. 6JjlILo jyC. 

Curry, S. M. “How Children Swing. ” American Journal of Physics 44 (1976): 
924. 


Jl ILydl (rv) 


tJ-C.'J ^j-ojJI 6J_i_i £_3 Jj jl 4_kc. (j/a-L <7ill J_C. La iiSjLflJsl ^JjjJ j-aS .*J i_1 1j_-nJ 1 

! ((J.fiLxu'J)) ^j^-u-JI 6-Ujj 

4_uaL-L.il 4^j_aJI 4JU Ju Ju .^j_ 3 lJI ^ljkL <n I (J3 J 4_->s--n-1 I (jr^J *“' ‘ p ^ (_£J L£jL\ 

J_fl_al 4_> L-L.ll 4X.^f-uJI 4_aJLa 4_a_flJI J J^j^jJI j%<-V \x 11 .jl_La"JI J 4.LI5LL1 j-uaLic 4 _jljjLj 

lj^.1 jj-a iic. jnjjJ I (3 j\x t/~\ w T'-*-i (J-a-C. (__jjj-Lkll a IjJ /*?» 11 ^jc. 1J \ X j 5jLuL\_o 4_-n_L \ j 

£ w $ 

(j<aLLJI 4x. jojJI 4_aJLa gLSJI (3 j-^-jlI j_oL_3lJI .4 l-> x JI ^Ja-ujJ ^jrLfl-LI j Ij^sllI Jjy.Lfl--sJ\ 
(jlj-v^i‘\ 3t 11 .(j\_a_iJI 1lj\-3tj i xJJajj La 


Jl jjJaj j^.-n_\ SjvuLj_a 4_-s-L\ j J^JLsl 4_\ 

5> p p p i5 _ 

i ,LkL\ La i J-cL!j (J_£Lxu*J <(j 1 \ <n J 4x.j'-u I -^ \a La^J Sju^JjJ.I^ 4_a_\ 0 1,1 J jljj)^J.I 

.4 1-s 3t Jl <6 L-n_\1 J Jj <n_\ll joLiJI jy \-ÇL-s_“\ J^-l j)-a J'JJa^ll J_C. j\_j_3lj ^l uj 1J ~*J JC. 

i^ojljJIj ^JLs'Jl ic.j^-uJI ^J^j-o i_ikl Jj jJa Jc. t4j<n \ 4 --n_-n. 1I J ^-tu^dJI J^_a_\ 

Jl^ 4x.^f-uJI J IjuiJ ^LL-n_“\ 4 1-n 3t J1 jj-a J_C.'JI u_LuaaJI J 4.LLLH j-uaLic. jjl jl_uJ 
.(j\_ojJI (J| 4x jnjjJI (3 I_A-L» ^L \_-n_ \ (JJl<.u*JI J 6J^Jsl jr_a 1 ‘\ x 11 LaJ_\_\ t jl <n \ 11 

Jjj 4 \ .\3tj &L-n_\I ^l (J 4 -LLs ja\c (^l 4xjvu j\_j_i_jJ _\ \ -n. jJI J..\.\ <n II (jl Loj 

(J-oL-n-J.1j 4 1 -n 3> JI ^J ~n. j\_C (J-a_3Lj (jl jaL <7i1I J_C. <_\.~n_ \ <6Ljn_j*JI IJ_4> J S3^ 4_l_uaa»_a 

03^ 0^3 .jnjjlaJI 6Jjj (J.fiLxu'Jj ^-Lo.J1 6Jj_\ J_C.*J JaJLuaJI ^jjjJa ^jc. j^-olj^JI^ jjp->_Llj 
(J^.1 j-aJ ‘4_J_\ jL. <dj jva>J I 6j) 0 11 1 _\ \ -n X JI «^_j_\LjnJI » jjjJ <nII 1 \ 6 <n \*sl <^jj_3lJ 1 ^l, 


; L>^ 


vvl 



^ Lou^ I 4^ 




L /n 11 J_C 4_l JjoC. 4_sjl jj ^c L /n 11 J-C. (_£jS jJ jj P j-Ll (J-C. t^ L / nj|l JrU _/LL LjI 


•J^l 


^au*.jJI 4 _~LLo LgJ SjljjJl 4 l~s x Jl t4jl_LxJI (_§ -^j-*-ll J^C- jUj 


jjj pU. jSll 


£_S_iJl (jlxu Ly^3 .^JlIlxuJI jj ~ s.lL 4ujLsu (jl j^=J (_5oJI .L^J (joUJI ^yliJl (_5jljJI 

^u^jJJ ^ \ \ /n 11 i jl1 I 1& (JJ-S-) j)I (_£jsujJI <-i-Jl-i *•—4lA-11 _UmJ 1j ^-VoilI _L)JL ^Lo'iLl 

jjpL.1 (Jjj*. (Jj_i-io j-o'Jl 4flifl-v (3 JjAaII ^j-xJI j)U .(^jLucJI i_u^j-U Jjjjj (_£jljJI 
j )-0 *J_iJ ^UJJlII uU^j-Ll JjJj J-fiLiil'JJ Jj-Oj Jjpj.1 jl Jjj> 'J-3LS Oj .^.1 Lo UJ ! ^J-LxJI 
i__sl_u^ ^jc. JJ- 1 I-*■ ^lc- t(_£jljJI ^u^jJJ (^jLucJI ■ _j 11 SjLjJj .jjjjujJI jL.uJ.1 ^ujj jl 
I^j^llJI jJL JiLxu'Jj ^iojJl J_JL J_C.*J £-S_Jl ^U_3LOU ‘(_^jl |^> II jj^_ 11 Jj^- 
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4.Cjvu jc. 'J_xls J-i-J 4.CJ-UJJ JI J-~N-11 jc. SjUI JjJJ jl t—L-s-l tLj-o ^jLuOjJI ~v 

L^us ^jjJI 4_JL11 4 JL~s.ll _\ ii_ uj-5-j *J1^ j-& Lo JjJ.1 ^.jLucuJI jLs ^u j-oj .4u L^_al_iL_u^1 

(J | _\ i ~v t_Sj jJCo jG LJI I j . 6 _i- 2 Ljj ^ J lu'S J I Jj-S l_£j I j 4^ j_-s-l I 4_S LLj /n ~s 11 £u_ojj 

J'bL^. 'J.JLuu J_Lu 1 _\(j 1 j t cJj--G.ll JjL iJl J1111 jull^LI 1 ( j jsGj (jllI jLiJI cjLj jj^. 4 JL- 

5 

. jmi jULii J_Loj 

jyC. jA .\ x -\ .11 jUoj .2mv (^jL/.lu 6 J(-L~s_o 4u_o^ jj^ tP — MV tj^j'JI + jl_i-~s-ll ^u^j 
.£ = (1/2)MV 2 = P 2 /2M : JLJI j^lll J_c jGjSll + j1_iUL 4_u^UJI ^j^l iSUa 

Sj-iu^ tjGj'Jlj j 1 _i-~s-11 4_3 uo.-s_1I 4_IjUI 5s (jlll <M CjjLuCij t4jjl_^j P jlj ^J jJ 

_L3 C.uo-uO-11 p. /11 11 jI juj 4-~s-inlI 6 1 a . j 0 ts\ 11 j-o 4^j_-s-l 1 4.SLL (_ )ja 0 j / 11 S 14_i 1x11 

. Llx-s j 0 is\ 11 (_£ j Luu 4^j_r*. 4_S LL JLou G1 j CuSjJ 1 (jj 4 IsGj oll jj Li ^u^j J j jUa 

4jjljui. 4 J 3 LL CajsujI (jlll 4 ujI Jjjj!l 4^j-~s-lI isLL j 1 _\ 0 o jj_iiu (j Pjll i_jC.jj _1Sj 

.^.jLuCuJI (J'bLl 4uj j-u^j 

Macomber, H. K. “Massive Walls and the Conservation Laws: A Paradox.” 
Physics Teacher 13 (1975): 28. 
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pLijj-flJI L_ul C- 


4jjlI (V^) 


i—S jkll (j_o j-Oj^ jl Li-u^ji lj| .^ 2 *jJI lA 0 4_i licJ I lA 0 ^lj_i_o J. in^ 1 CjI j£J I 6 JA 

„ ç. s 9 ç. 

1 JJJ (jj| iV 4-C.jNJjJLl (_£j2i.'Jl CjI j£J I LLi j-UJJ Yi ^Lfljjl (J_C jUX 11 j-Q IaSjJ j_QJ*JI 

«« 9 

j\c Jj V J-jJI oljUI jj^U ^jLu^jJI JJLJ .2.7VLV 6jOul_XQ ^.jLuOjJI (Jjj-S j 1 Q I ^JijJI 

^ 2 *.jjj V 4x. j-ujJLj IJjjlj jnjjj'J 1 1 SJ-U.11 j\c j) 13I dJ--N-I 1 j t4j^Liu j_Qj*J 1 1 9 jkJI 

.SjC>Li_q ^.jLucuJI jjj^ J1 ^1 ^^.jJI LqLq_> ^jLlu Lq j_4>j i2mv 6jji J1 q~*J 

6jC>Li_q ^.jLucuJI J_a_j 4 _JLqj^.'J1 4^jj^JI 4_iLkg t4_la j2l-n-_q JL-J 1 <+> il 4_iLL.ll 

^jLuoill J_Lii 4^j-JI 4il_k jI-J-q jjjiu jAj t (l/2)mv 2 + (l/2)mv 2 = mv 2 
6^-^ L>+3 ^ Z'y La>jljo q 4x. j\jju ^jLAJI 5 _\ ~*Jj Sj^ £_9ci> ^J IjLL .SjvuL-q ^jcxLI 
4fij--JI 4il_L jj^iuj 4 JL-N.ll 6J.45 (3 jll iu_u-L j_qI liij> .2vyiv ^jL^IJI ^jJjJl jj^j jl 

,(l/2)m(2v ) 2 = 2mv 2 iul^ill 

j Ll.o 5L> 4_i Lkl I L 0 -n. j ^-LA-1 I ^AjJ I lAk (g I j_lq j L Li ^j^_i_Q 4_oi 

j-Q -L-Cl^ jdJ J Ls_q ^j-oj j Lq J_Li JAq_-n-1 I ^j jj Li j 1 J_i_i . Cj Ij^J I dIjJ-uJ-i j-iiill 

9 ç. 

Lii J jj*\ 1 /n<3 tJa_i_S cJj^\ tii'Lj O-o Ji A1 nil jJ ^I^.j .Llj^Jsl 4-u 1 (j ‘ 1 11 CjLcj\jjJI jcd 
Ll*l5Lo_l . Jjj (_£jl_U) jLtul I J_ 1 _Q ^Ll-N-I t (J-C. (Jj-U^L-N-llj ! J-UiU-O, 4 j5iLj jLlljLs-Q 

Cj-i j\L lj| tCjljkll t—kn J1 i_1i_q 1 J-C. 4i| C.ii_-N -1 tJaiLs j\ a n\y 11 ^lck-ud jj_\j jLjA-j jl 


Ij_i_ij au ^_x<pj_q ^3 (jjJI Sj^JI j\ <ki tV 4x.juuJLi 4_j^l_iuJl L^_ijL^. juojJI j_Q Sji 

,4_i_ij_kJI 6Ji(j 1 u_9-udl j1i_\j_qI J-C. ^ 2 *jJl jijjj .V 4.C.jujJLi dj--s-i.il (j L^J 6jjL- nJ. 1 Sj\JI 
jo (J-u^ IJjj I k LflJ j 1 j^ jr\-Q 4_k ^2*.jj Ij 1 (3 K 4 j 3 Lkl I j I j\ J-3LJ t J Lil I ^ Jj_qjJ I I i_& 

<S_>5L1I j (_^jA I £_u2> 1jl 4i Lkl I j_Q j _ii Jili 1 t £_i IjJI j j\J • 4 0 uciilii I Cj IjkJ I 

.4_k i_-n_1 I 4jjjJ1 j t^cJjJI 

6 J$ < ) J-U+I t J iii I J-IJ-UJ J-C. . LlJ_3t_U^ J.i\ I Jj l_UJ_Q Jj 1 J | j-U^jil I (jkoi. I j_Q 

• -- . p 

.m U>j!_iLq 4_lji L^i_Q JLJ 4_flj2»_u2>-Q cjIj^ Jjilj 2m 1_4 >jIc5-q 4-Li\ L^J jLSjkll j2*J j_Q 
SjiJIj tV / 3 l-4>jI Ji 0 -o 4x .jnuj 2TM 4-L**i5n_1 I CjU SjiJI dj_-N_ 11 15jCjLi_q ^ J1 1 11 Ji 1 a 1 

j\J ÇiLil m-N 11 6J_4> Jj_q J-aC. jS-JJ j_Q .4U /3 4x. jnxJLi d j_-n_**i 1 t m 4_L**i5v 1 I Cilj t JjJI 

- P 5 

.JxskJLi 4-1 Lt.u-LI J**i 1 11 Ij^jj tcJjdl uL/i jljj-ol J-C. ^jLu^J 

Bose, S. K “Remarks on a Well-Known Collision Experiment. ” American 
Journal of Physics 54 (1986): 660. 
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^ Lm_^ I 4^ j.^. 

Flansburg, L., and K. Hudnut. “Dynamic Solutions for Linear Elastic 
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(£*) 

jJ L 4_uc LkJ I 4 ^j.-n_1 1 4jS 1_L ^ \ L a j j_& 4 _xS . _ ' cj \ Lq (j 1.3 t 1 (3 (jjjC JnC 

4.5 LL J-iliG _ijjj LjLs j J_*_q 4 x Lg 3 \*\ ju. u _ilc Lq1 .4j3j_LJsI 4_) j-Li 4 L /nl jj 4r3V\I lj 

jljoll ^jLucuJI L&jjr*. 3| iijLJslj jlji \/n 1L 4_u^LlJ1 4^j^JI 

'I^j . j J_s_ll 4 x j\_jJL 3+.I (j_o LLLLo 4ijJ-Jsl 4_j j-sJj 3 4_iLLJI j)_Q 

. (jAl_Q.il 1 3j_L (J_C j) li_fl_J jl 1 

j Çjj-'N-> (_^JJI ^.jLucJI cJJj iSjIL jjll j\-c ^.jLucJI *Jjl jjiJj 

4JLk (3 y\ ‘/7\ /n 4i >Jsl J'J tjjLiII (J \S jlu. \ 4 _\ Lo. x J 1 x /n*\*Jl j_& jl ts\ \ 11 jj_Q ^ jjJI 1 J_4> 

.(j J_aJsl 4 x L Q 1 (J_qL^JI j) 1J wn 11 (J-C. Çj)S /n 

4^j_-s_l' 4il_Lj ((1 / 2)MiVi^ 4^j_-VJ.I 4-jj-L_o.il 4_LIL1 -j'J1 3£j*JI iiLL 

O ) i{ \ / 2.) {M\ + Mj^V^ (J-^ 6j"Jl»L-Q ^ jl t/~\ \ 11 J-L3LJ (j\-Q jLuCjII (j\_Q_iU_^_ll 4-jJ 1 <Q -^■'J I 
j_3lj 4^j.-s_ll 4_iLL (3 t—S'JVL.'JI jJkLj .((jj_*_lsl 4 x L^ (3| 4iLAl) (j 1J*wn 11 4_lVs M 2 

_ f- ^ ç. 

4_Ll jVj'JI 4jj-n. 11 4_il_L jIJ0 q (jl (J[ (j^.lV*> t^AjJI Li-a. I_1 j_q (jj^-Ljj 4 _Lsj ^jLucjJI 

.M 2 / {M\ + M 2 ) 4 .w 11 j 11 £-q LjjL 1 xauLaj (j J-xi.1 4 * L 3 3 \S /7) \ J^l (j_Q (j*Jl ^LII 

jj^-j (jl (^JL-u t^j^_ucJI iAj^-IjJI (j_Q Luji jljill IIa (JJLv (J^-l (j-o 4_jl ^uAljJI j-o j 

(j 1 s_\ \ auJ I 4i LL i '.lc I t £_i I jJ 1 (jJ^j I (J^c. . 4i J-LI I 4lVs (j_Q JU^J j^ I M 2 (j I ullxuJ I 4lVs 

I^jLucjJI 4il_oC J'IL. 4 jj1jj^. 4iLL j\_ucj 
t^jLucuJI 4 j.LclC 3'IL. JjjJL 4_ucLJI 4fj j-n_ 1 I 43LL ^ \Laj sAj jj JjjJI (jjjjC iJjC 
.M 2 _iJjJI 4lVs_\ 4 jj1_3lq (^uc^'ill slrs-ll 3| M\ 4_ij_LIl 4lVs ^ \La j LjJc jl ^’\> \ Lq j&j 
— LLq iJjjJIj 4ij_LIl 4 _l 3 dlj^Js. 1 (_£»UI ^.jLucjJI (jc .L-Q-3 (jj-LjJ 6'Icl Sjj^UI 4 j n\.\ 11 

1 _ \-~N_ \ j| LjJL^. 3 I~^ \~^ 'jii.\ LV-n-'lo. > L^jI jjj — 5 jiL (jjll j\£. ^jLucjJI (_^1 

. (j LLo'11 j JCj 5jllS 43j-L 1 I 4lVs 3^ 



ujLx. 


iilla (_^jLucjJI 1 (3 .(jLj_Ll (j jJJ ^ jl ts\ \ 11 jjjj <1J-A (jja (J-uC-fll j-& Lo (J-qJlJj 

P p ^ ' 3 „ 

Jjjll (j^cj'ill dJl^JL^-1 (Jj-xj jl >_ \-~n _ \j t d j- - ^L. 1 jjjJl J-£lu 4ijJaJ.Lj 4_ucLjJI 4 ^jj^_1I 

jjjJI (jjrLj-J ^j (j-oj '03^ /M| H ^ <QJ 4-C j*jl 0 2j~s- d 1 jjjJI Jj-Xj JjLiJI jjO 

4.L5L1I 4 .\ jja j J_C jjjJl 4Jjlill 4^ j-n.1 I 4j 3 LLi J-oj >j t4_ol_aJI 4JL~s_ll J .j-\^l J-O.C. 

4JIj*. (3 ^ (^jLm 6 LiJ-ij ^-L^.jLuj'^ 1 (J-ol_3»_o £ uJ.\(J 4jJj"-<^-o ^LLcl Sjj^ jll 

. ^SjH-j J) > jJ'I J*-£- f.jLuC-JI 4JU (3 J Q <«o (_^jL iujj t(jj_Ll ^jLuCjJI 

Hartog, J. P. D. Mechanics. New York: Dover Publications, 1961, pp. 
291-292. 

Miller, J. S. “Observations on a Pile Driver.” American Journal of Physics 
22 (1954): 409. 


* ax j-o±J I SjLij ( i \) 

Ç . ' Ç _ _ ^ _ Cf _ ^ 

(juo J LuLll I (j lj ‘ j\^^! I 5j5LJ I 4 -LlL \ 4jj Lfl_o 4 -Lo^-o 4-LlS ^j_i_ucJ I 6j^J I 4-lj^ j 1 jiij\ 0 j u i 
(jc 4 jJLlLI uJijjJlII 6j-4> Si^L^o LVl<Lcu .(j<jj'JLi Sj^JIj Sj^-lLi Sj?\-11 ^jLucj tjljj-o 
tj^j'JI ^-o (jjJ*l ^.jLucjJI (JlL^. .^--n_~s-1I i-0- iy~s_o (jLL\-P>LPuo (joj^ 1 _\ L in)l ^jjjJa 

L^i-OJ-fl 4x. jv. UJ (jtCj'JI j J LjlJ-UJJ (J-C.'J 4ii j~U I (j l_i-UJ J\^ jl jj-fl-uJI Sj^-11 -liji 

s 

(jj^-j t4j| j CxfljJI (3 .5jvuLco ^.jLucuJI (JjJ-S 1 \ lc. CuL\ (_ 5 -Lll ^-Cj'» u J1 (jxtXj 
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i__LJ j-o 4_u_ijj^JI SjILjJI ^ 


j-o *Jj-i JuAJI \ /mII J-C. 5_\ ~*Jj Sj^j 4_fl_upjj 
.4_i.j_ij.-n_i. 11 daljliiH £_a (jl_fl_il (Jj_u2jJI 


Epstein, L. “Wind Force and Wind Speed.” Physics Teacher 29 (1991): 
196-197. 


^j-o ojjjia-o (\ v) 

___- ._ ...d.. 13 

J'J tJ-osJlJI SjJS i4_)'J_u^JI j1 j X o pl fl.u/nl ^ACi JjlllU t(J-U JI(j 11 

■ liLua jj^-J (jl tLuLj J< II J^lJI JJAj jl U-l^-i-fl .jNXLilj (j<^>-Ljl U_flC$JI IAa 

Ca JUX \ 1 4. i-UOj'J 1J (jlj J-~S.11 JJj.-S-i 5(jLfl UJ -4_Q L Cj'Jj-O^. (_^1 J-Ci-~S-i *J Jjlltl 

. - . 83 . . ._ ** ii 

cJJJ 4 -u^LA. u_SjjJA i _JlAi .\ ^J Lo tpLi-Jl j jjU joLxaj (j-A) Ci-qIj Lo j-Lj^ ^LoajJiI J.-S--0 

U|j .^LJI (JjLIaJLi Sj-n -*■ >_Q ts^T\ \ o J 4 _Li_SLj 4Jj jl ^Lo jlilji 2_uc>j jljC. 

jiLflTill (3 (_£jic. 6j"\-J^ 4^-Lu-o > ji/Vi i o C_| (j-^^-jJJ J^ 1 Q Qj jl 

1 _\i Lo (j_Q-"S-> jl «illfl ... 


J\-»lA j^Lo (\'T) 

6 Ij-fljj 4_flJjA_LI jljJJ (j-Q J-l J-»JI 4-11 "N*i ml ^t_u 2 i jj ^ill (^uLJI ^-ojjJI J_C 4_lj-fl-0 6 jJA_i (jJ I 
(jLLaj'J_i^!Ij 1 j LLLLl J_c. Sjljll Sj-5J1 SjLij jl t—fl-i5i (_£jj (J-4i .1 (j ilc Sjjj-Ll 

S jljll 6 J-4i 4 J11-Ti 1 11 1 (_^Jjj — (jDilj'J-JI (jljJj^. (3 4 ^ aj 1 Loj 3> jlji^.'Jl (jLcjlllj — 

(_£jjp Sjljll Sj-flJI SjLj (jl >■ Qi^ .(joljAJI ^wm 4Jl_klajl 4_i_uLfl jJ_D (j*JI 

Sjljll Sj-flJI (^-Li-'^fc-l L-\'lC L^LAo SJuiS 4 JI L*l ojI t4_llj_JI (3 LUlU 4 L 1 m 1 AJLLLojI 

. 1 (j ‘1 \ X 1 S_\_UJ 4-iiC. 


Xi^ 




i_Lkr. 



£_£L)jI LcvK ^jLkJJ iJIl'N-CL i<4 -j1c. Lo-o 4 _»'J_u2 JSI >jl j > \jjJ1 jIjJj^- Cxil^ jJ 
4JU — ((f Jl ^l» ^_ujL_) 4_3jj_*_1.1 — 4_u_laJI UUJI 6 .i_ Ufl.ll jAn J'Jk. ^.jJI U a < A> 

2 j ’ 

>q U) /ii) jIo q Jl_j_4s <^_l^_u^JI ^jLjj’JLJI -(jLj jvuJI Jj- 0 - 5 i^ wA_cl) -i5j tSjUi 

5 * 

.^.jJI U» iA cjliLflT) jA3 >j 5j~*. >q t—LU.1) jLj-uill jl«ijjjJsl» 

Gordon, J. E. Structures, or Why Things Don’t Fall Down. New York: Da 
CapoPress, 1978, pp. 155-162. 


^ (g /1111 j juI 4 _qjJa.lq (3 ^Cs LLJI ■ _ j-ic.1 i jJLl I >q ^ /1 

j_)JJ 4J1 1 /*1 ) I (j / 11 11 J-fl-CL) j I J | j 1 /n)l I i ^ \ X Q ^ ^ 4 


iiLc^JI (N1) 

4ULJ.ik.ll j'Jk'JI 4JU- j 

1J ^p-uJI ^Lijj'JJ jjjjSLj 


.4_J_H_U_LI 4il_kll >Q 4_) 1 > 11 (J-iLuO 1J.0 Q (_£j_u) Cu/7l ) *JI jjj jiLl I (J_C. i__i_2h_)J . (jujiLll 
tjjjjiLll 4-kxuI jj L^-LS 4iLk.ll j j_^>_i) (2)1 t—x^—) t4_JL_tkj_Q (3 ^ * n 11 ^JC. 4JU (3 jkl 

!4ulJ (jjjjiLll j-qJ j jl (j| (_£jj-) ji IJ_4sj 


JjUiil jiJ () 0) 


(ju_J i k x iAi 4jjk. (_^1 jl_Uk (jLui 4 _jLui tjjjLfljJI g-koC. j| .kljk jk»_fl_)'Jl O J) /11 
*«JaJLtkJl J-Cl i)» j_ti Lq_)|j ti x /ii^k.j JkUL) jljll (j-o LijiCj JjIj-ujJI jus-) jl 4-ilc. 


ro. 

















LocUll 


tJ. 1 SjLLI CjI j 4 -jj l^Ja_u/J I JlfLuJl 4JU (J .4j^.l_txLQ 6J^j J^J S^JjJI (_gi 

s 

U\ mII I C$J .4_JjJ^.11 4 -xv.lQ.II >_fl > ts> JjJ_qjJI JjJ 4_j_uCj_3lJI > /A11 SjJJ 4-AJ-fl u jjLBj 


i_1L \ Lj*J I ^) J-C J_C t4j| j t_ X. L \ 1-J*J I J-Q (gj^\ ^J^jI jUXLLI .LJ^Jfi CjLflJ-oJI 

.^JjLIjJI j\-lu I j-&j t(^Jaj^j!l jL) jnjjJI^^ 4jj_q jJI 4 _jCj'J1j 4_ljJ_xJI j\uu\ jllj 4 \*\ \ \ /n*J-jJI 


I^iuaJI J-c ^SxjLTt jLi-aj (N l) 

0x . f — — ^ — — 

Jj-flJl Cjl ^cjIj ,J_q J-~n- 11 4-LflLU I 4 _j'J_u^JLj ÇuiiiI çj^)l \ jjj ^l*ll\ Cul^ 4_oj-iflJI 4_Qj^)JaJ1 

^jJjj 1 4-fl.L l-L_q ^jjlijU ^ ajj.ao toj 1 \ m 11 jjJjJ 4 _Q.Ll-LJI ç-ljj^.'Jl jjl I j-4> .^pljjJ'Jl^ 

4u^j Jj Cj jLiGj j^jJ-3LjJ1 CjLlIJzlLg J-3 tUV J I X I 11 M I J—LtCil 0 J II pLlLi'J I 1 \ lc. (J-LLj-I 4_-S- 11 \ 

. 4_j jl_3tJI 6 jL.lQ.11 4.0.1VJJ u-fljjJ'-Jl Cl-^_**\ 4aUJJ 6 jv3\ 

Jcfl J*\ 1^1 (juLu/JI (3 ^ 9 -^ I x L^>11 J-'\-lO iCuJj^JI 6^)1 \ m 11 j)Jj LqI 

J*\ 1^1 J5l l 6> 4JU (3 «^Sl^JI lS ,4-L-lC. jjjl (_§ 6 Jj J-mJl 4 j'J_ujJI^ J_q_-s-l11 6^Qj ^ m \ \ 
t^J L)ja3 .^£uCj_3l!1 £_Ls_Q_L1 4u*-LuJ_ 0 L_ifl X t /*l J J l_3U jl JflLOJ pLlV\*J1 4_Q^LqLQ jljJj Jj-flJI 

j)*J t J-LTLfll J -\ 1 3t J 4-Q-L~L\l ^jioil j)_Q J\-U2lU J t Lo LLVl \ I ^)T\5l 1 pl^jJ*Jl 4jl ~S**\ UJI jjJ* 

.j^l J^_Cj 6JjJ-^_q ÇjJ^-' 4jjI j jj-oJI J-\> <m.\ 11 Cj^LqI _3t_ q CiLflLLu 


j^JLJI JUA (\V) 

j)-Q cJJi^j^TvJI JaJLu^JI j)_Q ^JjJj J^C.1 4c.Lq_qJ 1 JJklj pl^-^JI X ts^> <J_C pI_Qj^!1 u_l~s-\ 

j\Ju tC ajIj ^a-CJ ^IjlLj-ujI j)_Q *Jjj j .^jjjjJI I_\3t 1Q ^jl jLlxu'Jl J^fl 4 x.I_Q_qJI pLuiC- ^CJ J^-l 

j\ Q \ 1 .i_ 1 ^IKII ^jJj JiJjJlj Jal X ts\ \*JJ JjLflJI pI^^JI (jLs t J^l \(j 11 1 _ x lcI J J^-^^il 

cJLIa ‘(UlJLll J^-l cl^° ^l^l J^J Ij-^-l^ ^Jjj J^JLJI pLuic. jjj <j1 

^a-C J J^-l (j-o 4_3 Lj^)_q ^ljjl jJ. iC. J^ J-C. Jj^-I^ J_U^) 1j6^)1 JQ q J_C*J 4_3t_flJ 6Js JjjJ 4_rJ ~*. 
JJa^) * , * * V i_J^lkll JaJLuoJI jjJu 14__*u^)-Q 4 _u2i jj J^J JJa^JI J| Jj j^-s-lIL )j . i-_QQ mJI 
■ QQ JjL.1j -Lsjj^JJ f-I^^JI l^a J 4 j1 x 11 4_Q_lQ_U 6jUj tJo-5_fl 4_3 lj^)_o 4_ujJ^J 

p-1_cj| u_l~^-\ t JL^JI 4 x \ \\j .^)_q'J1 Ij^ \ ^LloJI 6 j\ x ts> ^ ^l^-o £ * 33 ^ q A Ijj^JLJI 

.1 Q \x q t flQ /ii 11 



pLjj-flJI L_ul C- 


i!: ^j~i at,l (\ A) 


L^-AjIjj^. jjKj <^Ja_uu'JI 4_xC.Ljj 4_j_qjX (JK-uul (j-Q c_AJL1j jLxj'Jl ^j'JjJI ^j~\ Q11 (jjJLo^Jl 

jj c ** •* 

<(_£j^.l jLa.j'JI 4_Li s iLj 4_=i.jliLQ cjLjjJLoj*. ^l .Lg-Kni J_c. JoLsl^JI (JjL^_j 4_^.jja q oLiLLq 
l_£jJ ‘Lq-S. jJLuJ _/LuQJ «jlxjll)) ^ (j QJ <(( JjJaJ-Ulil Jj jj-uajl)) jl-Li| jljL (J-C. 
jLslj'JI 4-jjLjjJI oilHaJJ SjL» 11 4_LLq'J1 ^1j_Lj_ujI jKoj .L^-jjlj^. l3 CjLLLLo j_q i_LJLjj 


(3 ^jL q 11 ^JlLlII (JKcJI 4jLL is 'i jLuJ L^jK jl ^3 ^Ljj'JI cjIL <jLjlj'J1 ^jLaj J \ L^j m 11 j 

.^jli-ll JjJaj_uuJ*l JLcJI «4 jjj_q» JjLLa 


ÇjjCj 4_ai_slj jj<~\ /ii ^jji-LI j jJ Lq_jJ I CjLiLLo » SIj •*■ j A a j <cdJj J| 4_sl_ui| 

6_1^J 4_qjLL 1I jljil jl .\7\~J jKJsl J-Q3 . J-Çjl Çu~sC 4_a_SIj (_£jj*.I jjCi m Lojjj <Ja_i_uoJI 
u_Sjjiaj i_\ iuLjjj Loj 4_^jJ (j_^S*J jjjJI Sj-flJI 4 _j_uuj (juui^j (J-^-l (j-o u_s1j^JI 


.i_ijiklI ^jj-kjJI 


*SjilS~UI cijcljrJI () ^) 

CjLLuLic. 5ji i4x.liijj1 j_Ls cj1j-q 5_ic. (JjLjlj ^-Liujl (j| ji_flu jl jLmjLll £_u jjj j^jjJ 

6j-SLflJ 1 ^LijJ1 .(JsX*J ^_qKj Loj 6j-i-K 4 jj 1 _jjj 1 4 C.jmj JjJjj j_Q 4 lN_qj jLuu^! 1 ^_SLcu 

^_uLj (j_Q jjKJI (j_Q u_j j.Lkil (jij'JI j_uL Sj-Lll /ii jj_q F ic>i ‘.h = Fs/tyicj j_& 

(jjKJI 4 _LK LjX .jJjj'JI j_ il_3t_j jl (jxS 5 4_sl_uii 4 -jj jL- n_ 11 j^j-q £_Sjj (j^ (jA\lJ 

{F S) (JjJjil (^jIjjj'JI (JJLcuJl <^_ucj1 j\ \ *"\ \ .(jAj'JI Li /u J-jC. 4jjjL^J1 4 Uc. ^j 
. ( Yiig /l) ^_uCijJ1 4 sLLj (j j\_ij (_J| (JjjLjj (jx'J 4-jjI_iL> 1 4 C.jmj ^Ljj'J 

CiLc.Liuj'J ji_flJ1 (J_c. SjlJLu^JI cjLjIjjj^JI Sj_ii $Jjj i_ ulauJI (j o \ (jl cJ.\5Lq.\ (j*J1 

(ju3j_*_11 ^ fl 11 4 j^.L<.llq £_q LjJjIs i \ /uLjjj F jl j.l-n- 11 5ji jl L\_uojrLsl jis . 4 jJ Lc. 

^-A~n_1I ^-'n-~n-11 jj^ L iÇa \ i .L‘~ ^_q LjJjla 4 \ uiL jj_q L^li^. F (jjKLuiS <4j*J iF x 1 
S (jl Lojj .L 2 /L 3 = 1/L £_q LjJjla F/m 41~s xJl I \ u \ Ljjj <4_jJc. P-Ljjj .(jljj-^-ll 

^j 1j| 1^(3 ^ .(jlj.i-'^ll ^-y (jc. *J-flj-xu_Q L ^lijj'JI (jjKj <L ^_q Ljjjla < x /uLjjj 

jjS 4_1jJs ^ljil 2 _lAjJ ji_flJI *^M 6jjji_QJ (jjKj (jJ-S < (j Lcuj'J 1 ^ (j| ujjCjaJI jA_jKj 


roy 



iocbll 


J) j)*\ wn jJI t4_jj^ SUs^ »~>^>- i JtiLa-SLJl jUI ^ 1 (g \ w11 S \Jajb nw 6J_i ^l 

4^1-0 J>-~sAl J-^l ^-aJAjJI 4 K \ ^Kj «G'J-ub-xJ ^s3j_3lJI £_U-flll j)J)*\j JJJ Lcl\. L > tfcj-O U-Lll J)-^fcA> 

« ^ S f- 

jj^J jL^ LoiA’lC. 4 K nill 6 Ja j)j) /ii*\ \ ^ o 13t II JLjjLJI k_ill\ jjl ^_u^l_JI jj_o .J^-fl-S S^)-o 

.4-a'J-o_3lJI cjI^ vti^fc 1L LHfl LAJ 


-CjLjlj-ijJI ^jJjn ( Y ♦) 

<( Ja-uj^ill (3) J^-Q-^ olJ-O £_j^)I (_£^21 ^UA-aJl J x \ jjl 1^> x J1 ^)J^S 4_fl£.Lui-o jjLii j)-o 
^C. J j )-0 j)*\ <l*'WH l i ^UAjUJ (J_u 3*JI ^_)J~l-flll ^)uAs 5^)-a 2 a/2 1^> X J1 ^J^a-fl jl_uC5 jJ j)^J 

g-LiiVJJ 4_uuxJsl JLoj^'JJ 4_u^j£. L$aJ f2^/2 ^JUJI (J-oLjlII cJJJ ^j.LuVll ^LL^J 

.lIjI 

9 % p p p ^ 

‘ t o* <aII jljJLo_> jJ^-flll (J j^l (jl J^-fl^ ^Ll-n.> olj-fl-flJI (jl 4 V& jJJ j\VJI 

(j) jAjlj J_ub L^_uL_a_j L> <A>" (_5-g-3 ^ j-oj tJcJLu^JI Çlvi jLi^.'Jl >_Jc.l (J j_flj l_£_Vj 

jKt jr\ lOJ LgA^J J_C.I ^j^fc jjj 6_^i L^J 4_o_islflJI ^LJi-sJI . (1 ‘\ \ \ Lo_lS U» <AlI I^EI Ji j 

i2 ^ 

.pL‘lV*J1j jJl j£^-flJ L$_uAj_3i3 J-'lC. jLilK-VJJ 4_lLLs 


i X AUA.Jjjj J-A- 1 u' c£j? 1 a II V JLflJJ (j!\_OJ .Ij-A (J-O-C. j)^_OJ i 3t J I L Lfl 11 J-^JI 

UJj *JI Ll-lLc. tJUH 4_3Lj_Ja_i !pLllu J^Ja C^Li J_A-^ 4_l_s_^. j)!^_o_) Jj t^ajLuj'Jl 4J^Ja j>c. 

LUjl Lh^I^JI (j-LL-fc-11 j)_o (_^l (3 4-J^>.L-uJI S^iJI j^. Jl^ 

(jj (_^j) 13t 11 i_JLflJl LjLs <^^l '_JLi (J^^ >__j^-U '_JLi ^-uci^ lj| <(jJjl J^uJI (3 

.43-0 ^_»jl i_JLflJI J^-S ^-uCj^-o (_^l (3 4_j (__)^LkJI 4_i_ijl_2iJI j^_)-a (jl^ U| Lfl <m 

<z 

4_i_jjL^. jLjJZ j)J^-J LojAc. (i_JLflJI JjJa ‘ Jjl_3LJ ^jJI II 4jjl_Jsl (J^-fl-^Jl 1 J 

. 6 jjj Lj-o 4j-o 1 i_J LflJ I u-S^Ja (J^S t N ^ t j^j) 1 x 11 >_J LflJ I 


ror 



gLjvQ.ll ojU-A 



LiJl_5 Jiljij i__Jlji 4.X is*i\\ 1J \'\ tn . g-LlJ' Ijj5> L^-> J-UAau 4-i.i^ll jiWil 

3 >-cLL> i_ 9 -\(j \ oJLj i _JLi J-x. (joJLi £_u 2 j jl£_a_> *- q^ .Sj-q J^ JiLxu'iLi LxaLui| l-uj^. 

J-X. 4 Y ^ 4-Li_fl.il I -\*>C. (j\_ij 1 a 11 (j'-p i-flJJ cJj\_mlI 4 _j_i J UJ1 j^j_o £_fl_> *? ^ .ol-i » 11 

i_J LflJ I u_SjJa 3^^ ^ ^ 4-Li-CLil I £_u 2 • LJJI < J LflJ I i 9jJa j-o i J LflJ I J j_L j I—4 jjlq 

.3 qjjjJI 1 JLflJI _i_a_s 1 JLUI Jj_L ^jj 4 JL4jj —q J_c. ^LUI i JLflJI jjl 3 L 1 .(J-fl_ 4 .u*JI 

j^ lj-Q ^ 4/1 1 JLi (3^9^ 4ujljil j-Q jUs j^Li 4J'JJJI i Jljill 6 J-4> £_u 2 ijJ 

j^ j_o J J-iii > ■- Q ^ . 3_fl_4jjJ I Jj J-i.ll 1 JLflJI 1 9jJa -ilc. <Y^ 44 JJJJ1 i JljJLll 4_>_>jL*. 

Jj.^. (j\_i j 1 a II (joJLflJJ 4 _c.L 4 .uJ 1 i ijLflX. 6 L 0 I 3 ^j-*JI iljl-*_a JjLl. j_Q S4 _uJL>JI 

.i±JLJI 1 _JLflJL j^UJl 4-c.L^uJ 1 (_ijLflLc. 6 U*_>I jnlc. 3 ^j-*JL Y^ 4 J 1 _ 0 .il L jLll jjn_LI 

Ij'i^.l j 4/1 \ 4i)j .4_il_^_j ^ L Jl di Ijii-'i-lI j-Q 4—1—4jjJ—4jjJI 6 J-4> jlj^_> 6jj-ui-lI 6 Ji(j \ 1 \*\*\ \ 


^Jjljll :4_Ll_g_> *J 4J-4 .uJ-4.uILq 6jj-ui j-C. 3-9 LuJI ^ji 1*11 i_JLflJJ 4 _JLqj^.'JI 4ijljll 3| 

4_JUJI JjL L il/2(l + 1/2 + 1/3 + 1/4 + 1/5 + ...) ^jLuJ LJU^I 

JJ£. ^l ( )jl_fl_J ^JJ I 6 J\ /7l 11 4_flL4JJ LlL I 4—1—4JJ-1—4JJ-Li I JJ6 (ji-UJjiJ I JUlj ^ J-Q 1 1 Ij .Jj^ljJI 

. 4I1q J JC. ^l j_Q J^l jj*\ \ 44) ^ J-QL2>-1I J L+^ ; + + 

^ J L+-11 4_U2lJ-Uljl I 1 J I J-flJ I Jj-oJ ±yj-1-\ J Q 441*J I ( J LflJ I 3jfl ( J I J-flJ I (J^ J • J^ J-\ J^. 

jla 1 \*\ 11 (_£Jj-q£. lii vJl-Li6 jj*\ \ 4 11 .^j-sJI 4 LjIj-q J-^-l j-a j^jll jo (j\-4>Li->*JI 3 

jUaJ J .(J\_Q_JI 3 J^Lo_Q J-2>_> J-C. ^ J-l-dJ_Q ( JLfl_> 4L_>jl J_Q ^LL> jl 4 41 \ 11 3! ( JLi J^ j*J 

.4_>l_^_j *J Lq 31 ljlo_> jl (j^UJI jUJ 


roi 

























iaclJI 


^ia,0 1 JjJI (J_\^)_^h-\ (^J^-oC (£J) \ '<> -o 4uJ\ljJI 4 \ /o Ji-~J I 4_La/7uI jJ^fl laiuli Lq 

£-uc^ (3 i'4-u (_£jJI^ t4_\ J\l J 4 ^jj^. J ^pJI 4_laj-t l u'J 1 j)_Q Pj^-» (juul JyUI (j-a 

JjJa j)Lfl 14_Laj-tlu'JI ji^u Louuj .S/\_3t_u3 4_Lj j-tlu'J 11 J.L-s-11 J_C. Luj-flu J-qI_ 3 lLq 

Js I 4 _Lj j_tIu*J Ij J \_U1 (j\_j 4ujljJI j\ t 4-laj-tlu'J I J_jJ1 J Jj-ojuLI J l~s- 1 I £_la-fl_Q 

.J'i^'jl 4 -LjJ- tluJJ (_£Jj-Q_3lJ1 (gj) \ AuLI j)-Q LjL\j\Ul ( )jr\_fl_J j t4_\ Jj-oC 

jj_Q S j\Jt-ud 4_3 lLuA J_C SjijLI (_£j-flJI 4_1 _uuuq 1 4_\ Jj-q_ 3 lJ 1 4uJ\ljJI 4-laj-t!u*J 1 Jju *.j 

^jl m \II ^luj JU J-q 4_Jllil ULUl J LcLslJu JjL.1jJ 1 J| 1 (j (j \~vJ j ._i^h_> ji.m 

jLJjJI J| 4 _ls1_ucJI 4-iC.l_3l_txJI SjJLll &J-& .6juljJI J ju*. 4^j--h-il JjUjJI J| ^g-C.l_3t_mJI 
Ji.^h-11 ^ \ x L>S i_ulu^ J-Q UjJuLI J-uuJI (_£jfl iSj-flJI J-q ^jjul 4uHuJ ^.guhuil ^j_qjUJ 

a s ^ 

^g-c.l_3t_m i ^jLlj tLl» J ^ull J^Ul 43>L>q ^uuL^. j-Q ( uU. J^ Jc. S jjUj t(jo jjLliLI 

p 2 

jl Jj-aJI i x 1 iS'T) Jc. 4_2iUluJI pluIu'JJ 4-UhXuLl 6j) Q 11 ^cLsluuJI i \^jilj t4_ujl_Ul 6j-flJ 

-g ç. __ fr j 

SjU ^g-d-3L-mJ 1 (_&jil J j \-\ > J (_^l t4ujjl jJl 4 _LjuIu'JI 4jLk. J .^g-ulu>JI ni \ 11 4u_ojl_fl_Q 

J-rnJI (_£jfl J dil_/\_3LJ 4 1^> jjj Iju 4u_\jju i _iu>u 4 _L>juIu'JI (Jju*. (_£jljJl £-ucjJl 4_ujLu>JI 

.li\U JLu-tu pluuj'JJ 4 \ \auLI 6 j 5.1.1 ^cl_3t_/uJI ( &jil j)l lu_ucjr\_sl jJ 

iS 3 

4u jljJI OC (ju \ i(X ^LoU I X \ I X n\~±. 4uuJUJl 65-flJ ^cL^Ul ( &jl\ C\jLfllu 

J-mJI S^fl C\jLfluu j)l l_Jul > i^>.\ t4.ilc pluuj . Jiuu'J (_£Jj-q_ 3 lJI (\ /nLl Cj-Q 4_uu_fl_LI 

. 4J21J-tlu'J 1 J-fl-UJ I J (S'*' qS ^ I fl-U I JJ^U (JlUJUU t (X Lo_\ 1_ X \ ~y O5 Lfluu JuuJ I J 1 Ju-Q I Jc. 

^ujl fluk. tJluC Jc .4-Ujalu'J 1 jljjfl 4 Cj-uj ^_q jljJuxu 6 J-fl> J m.ll Sjfl tcJJj J| 4-sLuU 
(jiUh_S , ( i-3LJ *ujIJ-'U' SSjulj 6jj-u3 J Juu^JI Jc ^ Q \ \ j)l 4ul_Ju j)_Q jljjjJI 4c j*j ,J 
ujJuJI (£jUI 41^> auI ju £1 ^uu^-ucJI JuUjJI ^cl_3»_/uJI ^jl /n \II ^tuuu iV = \/RCL Jj^u 


roo 
























V Çxlfl Ijl^ .4-laI i_Q ts~\\ R^ 4 \ /nLoJ.1 4 X.^ujJI V O \t&'J-C.I $j^2£ji,l 

. Jjb*\ \~*. Sj^ljJl 1 (g n ni^ t^jj'JI J-~n- 1I I 4^0-LflJI 6J-4) 


r o*\ 



LlJI (J 0 II 




AjjX. (\ ) 

LoJjJ L^cliujl £_L_) 4 1-s xjl L^lxxj 4_sLiU_Q ^l ^_La.Q J~l>3 Ij_& i_>1J-'N-ll 

Ijjfe 4_-s.v v> tl (g /iiO i ^j-^JI 4 l-s > Jl LhjjJa/ii (jJ-ll OlIjll JJ£- ‘ Q * > A SJ~3j 


.4 l^fc xJI JJ-S-O JlC &Jj2*.jll J-oLJsl 3 ^KlL^l JJLlJI j_Q Jl^l JIJ. 0 Q (J Jj 
£_ sjJ 4_ijlkiI 4_i_H_aJ1 SjiJli . J^jjlzJl 3 JjjlI I 3 (Jj-ajj j_^.l j 1 ñcl 4 _qj 

4 l-s x Jl 4_i jJkll SjiJI j_q j^l 5l II (3^-^ Sj^lj Lq ji l_g_cLil_>jl jJjj (jJJI 4 l-s x Jl 

^JLsLll Sj-flJI ^j^j-q 4_oj1jJj SjiJI J^LiA_Q ^_ujj li\5Lgjj .j^_q ji Lg_cLiujl ^-L-i ^iLll 
CjLsjC cJ'JJ-ol pIjj >_il \ m*JI Jj 2 fc.l jj i jGLLII Ijjij .SLucj^JI 3^9^ 4 1-s * J1 4^j--fc_l (^jIj-II^ 

2 3 

. SJuiS Q*J X 1 t(__)j_iJI 4 (g -fc. £_UJJjJI (jQ SJ^-Jfcl J^ljll 3 0-Q fclaii /1)1 (jJ-ll tUfc.JJ l U\'\ 

•ijil 4 j^.jJj jjUJsI ^JLjlj lLI CjI j-L 1 (j nioi Jjj^. 4_U_aJl jlj^J tLtAJ 


j^LuJi ^ji (r) 

9 $ * s 

jJ^a s_Lu^.\ 4J LiL^_Lq IjL t,u_o ^ljsill ^_LL> tJajiL.uJI ^L-n-J J ,jji_LI 4 _jq*.jj 3 -^^J^ jc 
4J1 _ilc 1 6jl >J ml (j_Q j5Lcvm fci-v)--N-) t4jj£jil Jj-LJI 5ji j_Q UL jljiLo J_lIjJ (jQ 4.L\-Q-i 
lj £ c£>=“^* H=?-U Jj^*-* ^ijjJi jjj t^jj-o-xJi ^-upjJi 3 j^^-> 3I Lqj . 4 ^.ijjji 31 ‘-Lvc 1j 

3| 'J-iLo_) fcli 4 j^.1j,jJI 4_l 5_)j ^ljijJl jj^-J tSjjLlil 6J-A jxS .(J—l^'JI 4_ti)Ufc_-)I (j_Q i jjrLfl_) 

.^_^jLLq joU iJj^j 1_) \ jjj . \ 4_vqLq*J1 4 1-s xJl ‘ Q 1 £_iljJI J-i--L_ll 

3 _q ^jjU-il tjyLLlUfcJI (j_Q (_^l 3 .JjiJsl Sjlj| 3 £- 11 ^ ^lj^JI (_£jJ i_L-° ULliJs 

Js >i-S!l fcjjL=4! >ifc' ur 


j fcji-^j tj* fcj-^ '3?=?-" 2 :*jJ* ‘ur 1 -^* fc ^-4. 1 



■L>a11 ojLx 


4x. jm j J_c j J_i_i ^-jJl (julji^jl j_o 4 I /ii I jjj 4-la-ujl jj ^ljjJl JAii IJ-fl ij .(J—uCi'JI aL^i^il 
jj^j jl i—^ljjJI dLcii 4_jJl_3tJI ic. j*ju\ 1 (J-C. tjluv. (_^l (J-*-S .LLijiLi 4_ia j.q-Lo j\£. 4-JLc. 


J_UCi_2k_J 4j^j 

•^centrif = 


1 jJoj — Lu jiLi ifl wnfl jj jlo 4 Jjj_oj j_&j — r j-ii\ j-l^s * (jjj jilLl 

= mv 2 /r 4JjLaJJ Ja_mj J jui^JI V 2 ^JI j-o 4 _xil£ 4 jj£jja 6 ^ Jx 


Kirshner, D. “Some Nonexplanations ofBicycle Stability. ” Amcrican journal 
of Physics 48 (1980): 36-38. 


4WliiXI CiLii-SjjJI (V) 

Lo^_3t_S Jj ^jJ I S_5_flJ I £_Q SjC u Lj-q Ij J jJ^ 1 _I JJJ LjjJ (jxa /ll -N 11 (jvj 4 _Lq l_3tJ I 4. S> LLjJi.'J l 5J_flj I 

Jj-Qj t^l^-LI (J-C. /All JjC. .JJ*.jLl (_J-UO.il I / M O. II ijl^ jo.*Jl J_ol_3»_0 £_OJ tULo 
AUA J_uoljJ Lojjj ^,Lo"JI 1 j^SjJ^. j-lo.il ^Uj'JI Q 3t .11 jj'J t^,Lo'Jl Sjl WM11 

(J-C. Sjl i /mII /nj O'bLuxJI (jij JLuOj'Jl JaLflj J_q_3lj 4jL^_jJI (jj .4 _C.I_SJj 1 Sjl i /n 11 
(_£j^jll ^J-fljj'Jl J_cl Jj^jll <Sjl l /nll 4-LiS j^j_o .jjs.'JI j_& 4llc.jvo j_Jo.il / 11 o. 11 J_3Ljy 

jj^ 6jl i /n 11 i iLai (jl 'JjLo_q SjL i-ojJl (J-C. LjjIjjJ Lojc Ji-iJJ t(jdi_oLo'J 1 j-M 1 j. x 11 

^jc 4jjl_3LJ ^4.1^ (JiLiJ j^j) JiJo-O-11 ^J-3lJI IIa I X Id t Jo-o-ll j-OJJ^J . jCi3-QLo*J I 1 Ij 1 O. C 

■ LAiI 4_Li 5L1 1 j^j-Q jc. jjjll 4-ujLo-11 

JLuj^LI Sjl i /ii 11 ( ^-qLq'JI i _sjloJI Jj-oj jjj-oLo'JI jilLv x J1 jjo-o Jjj^. jLuoJI ^j_3»Jl 

lo x </Q i ji t jj*.Liil i__Ls jjJ 1 1 J-4i J'JA. tL jJjlS . CjC-L.il I i__ls jjJI J'H. 4_la j_o-Lq 4^.j Jj 
Lojjj t jijj-oLo'JI jdla. x 11 J_C Sjl i /o 11 jjj j-Q 4 jLL1_j N * j-o_i l_4ij 1J0 q 4_lsLuc| Sji 
jii l_Q Lo'J 1 jv j lo. X J1 ^jl^-O jj*\j /ll S .jjLoJI j-O Jil Ljj jLl l_iio.ll jl ll~V X Jl ^-Ç_\j / ll 
cjIjLL'^I iloj/ni tc.ii.Q_i t(4jLLLi "\o j.q_ i) yCII Sji j_o ji^'JI ^ /<io,11 Jjj J| 4^.Lo_i 
. 4_i_S L\ Sjij l_4i J_uc £_SJj jLi cJLUI jj jjj j jjli ji_C ((jjjloJI juku)) jl 

Hafner, E. “Why Does an Accelerating Car Tilt Upward?” Physics Teacher 
16(1978): 122. 

Whitmore, D. P., and T. J. Alleman. “Effect ofWeight Transfer on a Vehicle’s 
Stopping Distance. ” American Journal of Physics 47 (1979): 89-92. 


voa 



JjLuj 


c#^(0 


^ (_gj) \ /nll jjj_LJI J-C . J)L-flJjAi-o JjLJL^JI 


Sj 1 \ jux 1j ^j l^-L I 16 Cj 

L>X <All JnC 4_l jj S j4_) S j 1 w n II SjjLi j X UXS jj) JcLucJI Jj ^kll J-C. j!\_J .j 0 </^i 1 fl~C. j-lu 

(3 CjcL-q juij dJLlA J)j)*\ \ /n 4_jl Ua i _a \ /nj L0 </^i L$Ic.jvu Sjl .\xoJl^g ^ol^-LI J-C 

.^jLujJI 


SL^Ulo (o) 


J! J^4 


»■ LlJ I (j-Gui-LaJ 


(^jlj^jJI j)C (j L-i-0 Lo'J 1 L^l \ 1~N C. 3(1 jLll^ g-l \ aJI SjI \ XJU. II 
(3 \ \ l~s c. jl L.vi'^fc-) J (j <11 0 \ Jjl^. Jj-G JJXh pIjJ-uJI Sjl \ m II Lol t^Lo*Jl 

iioJAil (3 (jljljjjJI j£- 

5jljJ 4 l~*fcc (J^_a^ j^Lu dl^JL^.1 ^L>mII juj jj jJ I o*J^ x J1 ju cJl^JLJjl 
(jC Sj^-LlJI Cj^J. ^ X J1 . (^LL-luJI 4_aS (jn^l \ (_£jJl £-uC>jJ»l (3 jj^. au 4JL*. (3 LLL-n-1 jj^j 
J_i_u 2 bl j jv xau (_^jJlj ills'Jjjl ISKLjJ Cj*J. ^ a JI 6 J-4) j X n\"\ >m j) (J_QJ ‘(jJj n/n jljj jJI 
t^Lo*Jl J| 1 (g I q -\ 0 qj g-l Jju-uJl 6jl ) <n 11 1 fcixLaj .(jojlll (joLb (j.LLflu ju JLucu'Jl 4JU (3 
jLuo J-uC>lj \ /n 1 (g jiflj lL_L SjLlluJI jlj^'-i £-o_j .^oa_u 2 J^-llu (jJjl-i (jl Lfrl^J 

jjj jl 5j_^.jL 1 j ^s*Jjl'J 1 dJ j 4 -q j o 11 (3 j^ LuJ I lJ 1*\ I ~i'J 1 4 _L_lu Ijj ^LilL 1 ^j_xJ I 

(3 jUuAJ < ) J jLj 5J1 W M 11 5ji 4_U^J_flJI ^LLLlU I -\ (3 1 1 (j n \0 i J JAi Sj 1 W 11 11 

.4-0 J 011 


Unruh, W. G. “Instability in Automobile Braking.” American Journal of 
Physics 52 (1984): 903-909. 


d^Jfcl jul^c (*\) 


^^uL jjjj dj^JI (jSl ^JjJI 4^^JI JU £-uLj J (£3^1 J J^J Jj^ 

4_sl_L Jj j_^fc_) jL .JjJ I 4^jjJ I JiL ^—uaj (3 jj5L> ju^. (SjL-luJJ 4cj-lu ^l J_c^ Sjj-u2> 

Ijjlj Jjj^-ll jj^j ju^. ^jnuI j-A_) J-C cJjjdsl lJI^-jjLJ 4jjIj.~n_ 1 I 4iUdl J| 4^jjdl 
Jjji. Jj Jj Jaij))(j 11 pLjjI 4cj^-lJI çLLj| J^.1 (j-o djjdsl ^j^ ^l-AI mlj j\ul Sjj-uOJ 

. ^ljLLLI JjC 4jjljji 4 _sLL J| 4^j-~s_ 11 4_SLL Jjjfcl 4 jJ j-LfljJI ^vjLLoJI 


ro^ 



•LjjcJI C- 


AfljUI JSS (V) 

CjLc.j^uJ I J_C. ( JjI SjS ) (Oj_*J I Jus U-U CJ-aSi Ij jS J-Sk.I-iJI JIyLa-*J I . *lj a _iJ ju 

jb^' Cj1_C^-u ^J-C 6_/U^ ^Jj)(j "M Cj 11 ^j-o ^^iJI IJ-A ^ 1 x wn I jJ 14 <A ilI 
j)-Q 1 4-tA.Q--N-‘J>I CjLflJJI _lic ^j_xJJ £_H_jJI j_3t_ucJI u-A WM ^ .4_5_LSjJl (3 4_flJ X * * jyC (Jiu 

j>-a ^lflj 4 l^.L^. 4_oj a xJlauJI 1.çJj11 JaC. jJaLu < iuhi jjl j\-lu .j Jo^. ^l j)l_uu 

CjLflJ 4x .jMl J-UTLt j)l Jl^ l_L 2 i-JjjJ J-OJ^Jl J^jjj 4^jJ^Jl Ji-J Si_lC jyC. djJ^_Ll (J_UCfl J^J 
^jc. ^LUl ^Hj akltll 6J-4> JjX.j ttJJJ j)-~^_> jl 4 _CllÇ jJ 1 J 4_flJ ^ * * * jj-o ^u^l cJ^j-^_LI 
jj_o llij_L> J-ol^ ^,jc uiU^J Lo^-j^_oj-fl 4 jjLj^^JI LlxlJI^ ^jLkjJI cJjj^_LI Lol ._\ \oo 

! j jj in ' l 


iUbLbll ol J lI 3 )!l (A) 

?5 £ !t! 

(JJi (3 'J-lIs ^Jjj-LsJLj CjljLLa*JI uj \ a\ s JLa \ 4-l1oL-L~iLI CjJLLa'Jl J_C. fcj^^ll j^j-^JI 
( jl j x L1 (3 • L^lflj ^Jj^JsJLj JLuojI J_c j^^-j JoLJ^lLI j-o Jil Ijljo o t4_sl_^J| i__sj^>liJI 
/>i~l*JI 4JLjl (3 JLucu'Jl 4 aLuj-q (jvj j (j^LujJI cJI^jjl'JI S^fl (jo 4jfl'bLc cJLic (_>lll! 

s ^ 0 p 

^ ^ L> . d\ /ii 1 -s- Lo 1 /n I Ca jja\ 1 Cjljlla^l J^J 4 (_>Ajljj l_$_uc_3u 4 -LucjJ.I 4j-ojL^-1I 4j-o_ucJJ 

CjJLJa*Jl (j-o JflI 4-flL u-lo (3 CxiiLxu'Jl J_C Sjl \ m 11 u_flfl^J i_ x \ <n \ tt\ (_>uJ-o*Jl ^jLLs'Jl jl (jjJcJI 

JJ^LI 6 l_dl £_jJaj_LUj iÇvl^-> t4jjj-LI JjJaJl J^-l J-Q 4_o_o_uc-o JjJ-jJI CjIJ CjljUa^ll 

5> 9 

4_fljJa l)3^ JhJLucj*JI (j_o -ULkll (j^-ojj^ I 4 JJJ Sj^^^JJ CjLsk^flJI jj_o 

4_uC^-3U 4iUJI JjUL UJ LULLjJl (j-O CjJ-oj 4_u^_uOjJI t*Jl o~*J^ .Lo^JJJ Ç-LLl (j-O 4_3Ufl^) 

.4-LjjJsI JjJJI J_C JaAfl'Jl p-lj'Jl 

Jl^ JLucj'JI 4l^.Llllo JjJj ^^J cJJi^ tSjjrt-o ClcujJj g-1 auJ-o ^jI^-LI CjLLLj 
((4jjj11j |\nin)) C-LO-crLO |\ /11 Loj[j tl*\ mL^. Llo-u^lo Lo-ujj^. Ça jux \ 1 SjLLl J'J t^ucfl*Jl 

L^jlfl ç\ aajlLL I jl \ jux 11 CjIjLujj CjljLLal Lol . J_C^jl SjljJ^JI CjL^j J cic I 4 l^.jJj 

IjLxJI jjjjJaj jLLJ JL--T'l «ij-jjJ)) Sjlaj Ja-I jas jl ' mJ I JaS «JjJj» 

.J*Jjj*JI J^s j£LJI JUJ-*JJ j;j .^q II 4_alc. 11j j£LJI LIj" -s.*J' JasL-o SjLj 

Logue, L. J. “Automobile Stopping Distances.” Physics Teacher 17 (1979): 
318-320. 
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JjLuj 


Smith, R. C. “General Physics and the Automobile Tire.” American Journal 
of Physics 46 (1978): 858-859. 


(') 

d) I Sjfl j\ *~\'\ t J) 1j j jJI J^!jj'i! 1 ^3 CjJ. x 11 1 \fl I_i_u ^jJI 4_k.~s.ll I (3 

J| 4 im\ 1L> jJLu^l 5‘j-s^!j^1 clUUl 5J| j^jj-kJlj Çjj .~s 3tJI j\j j^LuJI 

j_Q JjjI 4_i_ijl 4_u)L>>JI ^LjJl 5£_j_laj_4Uj 1-l^Jj .JLuojI J-C. juJJI (j’LJjUJ 
2_sjjj J^jj-LJI ^Lj CjljU oUJ o II tJl^jji.'Jl SjJs JjbJl> jl jl aujJI 4(j 

. juqj. 1I 6jjLJ.I S>jUJI Jl^ Sij 1 w1111 

() .) 

JUU. J_Q t^-C.L-<.u I J_cl~s- 11 (j_Q (jLCjj J-q_^j 4j*.1jjJ1 (3 L/nLo_o 4jjjl1 J_qIjUI 

~s ✓ — 

JUU. j_Q ‘(^»Lq_q Jo -*j t4-LU-fl-j ^ljjJlj 4u^.ljjJ1 J^Luk (iX.Jj fcjjjj (_£jJI tjjrull (aX.J 

^4.lO.L-L 11 4 1~s x Jl Sjlc.) 4 Ln Ln II 4 _L_luIjj 4.\*\ <nll 4 1~s x Jl 4Jj fl ‘\ll jJl (_£jj 3 4-Q_jl_fl_Q 

i} i_L u* 2 J^) iCkxul^j ^jLk^ll Jlj 

J_c. 4 \ /nLo_o jj^j jl , \-~n-\ t ju&Lsj^!1 3 4 \ 1 11 Lq_q JLoj^.1 J-o^- J-c. SjjL J_qIjUI 

.^-aL^H j ^ 5 _qLq'JI ijukUj^!! (3 jj-^UI 
j jjJJ j^-Lj (U 4_xc.Lt_uu CjJJ_qjsj ^jjJI 4-jc.Lx-t.Lll j-oljJl CjU CjU ~s x J1 
jLu^ jsj .^u^_qj Ljj-uj j_q 4_jjj_2fcJI oL j_*J 1 (3 tjU-jll Jxs Y* * * ^Lc. i_i^ 

g-jUfc cLjjsJI jjjtxo jjLs iÇ.\ \‘^jl iA \ llj j1j-S*J1 J-fl-J CjLjC. (3 LxjLi L^-oL-fc*\ ml 

.4j£ji1 

Krasner, S. “Why Wheels Work: A Second Version.” Physics Teacher 30 
(1992): 212-215. 

iukJkLa ( \ \ ) 

jLfc_\ .(jAsLlll U-4> Jl^-j jl 4^j-~*fc-ll ^jLJI jjjjj jjjLflJ ^j^-uaJl Jjj-LjJI jLj j_q 
jjjj 4j_sls 1 (_^ji j S(_^1 cLu-fl \ J Lu 1 (sj t4jj_*JL J^.\.~s_\ L_q.&j Lijjj-u^ L Lla jl \JjI 

r*\N 



-Ljnlflll l-uLx 


6ku*Jl J 4 _u*jLlJI ^jJLll 6 ^j-o.'^-o <jK Ij| .^-oj^JI ^^ijj-u^JI ILa J-c. ^jlkJI j-o 

J • (_£j-fl_ll 4-l_u^j^-a 6kul J ^j^LuJ cJLliJs (jj| (jj*\ x ,n ^ tljO >^> (_^jL<.uj ^JLs'Jl 
.^LoJl J| (_£jjLll 4_J_u^_2i_a ji jj j ^La'JJ 4_ij_aJI uJ.^.) J.u-s-11 4JLxJJ 6J-4> 
j.~su J-C. J-k^j (jl JjJ (jjJJJ (joIji 3_u_Lu AJjL~s-_o lAiC- cJLuj'JI £_flj La SjLc. 

Llljx. lj| cJLLLI (Jm<! J_C. .jkicJI Jj^-u ^uuc^Jl J-C. SjjjJ.1 -kcL<i 4_u^.jLkJI (_£jJLll (Jj*J 

jLu-uJI U-4> ^jkaj i_ i \ n\"\ (jJJI Sj-U^jJI 4 _u*jLLJI 6j-flJI jl Ijj^ cJjJj-cai tjko^JI 

ojh^ c} <6jilj^ J-c. SjjjII (jjjkil j^LuJl dklu.'JI Sji ^ 

. JyJI (J'Jk j-a 4_)j_xJI L^Jjjj (jJJI ujJ-^JI Sji j-a 


iUuiaJJ CjLjJlII (\ Y) 


6jL_au . 1 flum ^jJI Lj_aJI 6 J-Ljj ^JJI 4jIJ jLcu-ll jkjj djLj-xJl j_a 4 jj-C J^ Ckk-C. 

jjj ji (J I (g » j-a J-C. -kflku LojIj Jj-uJJJ^_a Lflujk jkjj jl 4 j jC. ^l jj-O-j I(_£j^.l 

i - „ p 

(_£jjj La jj6j 46Jj^.1j 1 (j K j-kfl.ll uuA^ Lljj jLfl tAJjLalLa CjLj-xJI jl Loj j .(_£jjlj 


u>uji Jl 

i_uL. j-a ^ jjjj (j-ckJji ^ ujLDI li-4> ^_flJj-a -k^-l ^Lal 4JLu.ll 6 Jj 6 O^jk 

^Lc. cliilllL Ji(j X a j>a ^Lujj-fljJk < jjjJLa 6jkflJl pLjI 4jj1 \ m J jLajjli JjLxlIjj 

S ^ ç_ p 

^jJIj tjA x \ \ 1 (j iA>j J-u~ull 4 x"\ 1 CjLjC. iAAiLu -ii (jLajjLi (jk jl J_3U 4^\^V'\ 

.jLkll J ^9-^3 (jjLuJI ^jjJI J SjjLkll Jl^ LuA-Xj I iA»j il \ 


(\t) 


jl (j<2jrLfl_ll j_a 4(J-C.*i! -iC.l_ukI dljjuxll |\ 1 / 11 .11 (J-C. <j^LkuJl (j_a iJjjJsl J» Lojjj 
jl 'J ^ . CuL (JJLcu J J_3L_a (^l i CuL 6j-li (_^jj_cu-a J-C. JAflku dljjJsl j'J t4x.j^-uJ I jJajj 
AJjkua J ^jlkJI JJLmJl jlslfl-a kuo J i 3U ^_iljJI (j^jl J-C. 4^j.~s-J.I ^J'ikuJI 4 _oJAjI 

. Lu jflLi 4jjL 4.C. j% u J-C. kl_fl_jJJ l_^_La 


Jj_3Lu^ \ 3» 3 i4j'iLJl i _skjJI j_a i _j^lj J^ J| 4 .\ uujJL LflJjk_a kju^uJL jj_3t_mJ 1 jj^u 

4-aS J| 4uLcS j^j-o J-u^j jl J_3U 4C. j% u jLkflJI t_j ./1 n*\ \ i'^La tJ'JuJI Jc^.1 


ru 



JjLuj 


^jl jjj.\ 1L> jjj-a-au ^ ^ s IjJ ‘4 a J~i.> Jo jj_& 4Jj*j (3 Jjjll 4 jj_3l1I i_j illj jjlj .jjJl 

jj_3t_aJI (j j^P-JjJ^ 4_xa_fl_l l i_jji jjjjlj L /HjJl CjLij_3lJ I i_jHj Lcujj < jJ*.LLq J-^J J_C 

i_> ^_&j 4C.jaJI (j SjLjJj jj j 3t ixLi-S 6 j-lj*-'JI 4j^JI <_jHj LqI i j-fl_<.u'JJ £jLajJLi 
.jL&JjJI J_2fcl jLkall JoJl^J (jv^. JJJj 5L-»_Q jlluj j)U 1 (j 1 aC. SjukJl iij_i-2»_J .(JiJI 
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<LJjILc SjIslS J^ui jLc 4fll^. (\ o) 

J-C. _Ls Jj 4_u j L-s-11 £_uc^ 4 j 3 lla jJ 1 4_g l-s-11 ^J-C-jl J-3 L-u^j jj5>j ^j 5>'J_1 1 j I L> q ^ L> \ \ 
t4jjjl_JI 4-O.i-s-ll J_C jI jj j-o 4 jJ_LLq Sj1j-S jllu J-C. ^jJI 4_ai-s-ll .4l j--nJ 1 iiLLs \_jl aua 

^-^jIjjC. i_jHjJI ^J_C. J^sL^j jdl ^g-C-i-3t-<.u £ jLuj (_£jjj 4-xa-flJI JjC jL^JI >_S1 L> X j*J ii 

4-0.i-N.il jl LLa.*J 4 jj.U-J.1 ILn Nl CjLc.jnjjJI jl Lo£ .pJ^jj cJjjnjj CjL)j-3lJI Cull j|j ^gJJN. 
<4jjjlj 4 0 1 -n. ^l 4 jI_£j Jjc. jLLslLI (j ^- s j^-*-<-lJI J (_^jJI ^ ~L <All ^jLlujJI jlflj 

. j\l I 4jnj_Li 1 (j v lc Sj Ln \ jux 11 jljj 4 _q_lS J\^ j_u 2 J iÇi l~n _\ 


ol ahi'it.1 jl ñ-%1 (M) 

Cj*J. -n a 11 .4_flj-fl_la 4 j*j_\j Jjjjj Cj'J. -n x 11 JjL < Çj 1 fl Im x \ 11 _L^.I Sj 1 .\ / 11 11 jljjji.1 _ilc. 
4 J (_^jJI < J. L-N- J. I Jj^. JjJal 4-i i-U-l_Q LojIj ^ fl \ J_LL-3l 1LI j_Q j^jLk-ll J| SiJj^.jJ.1 
ClL&^J-O (J cJJj^ 4-Lfl-i-N-llj^ ijjjij £j\ jLxuJI J^ (J 4 j_qLq*J1 \Jj*J -N X J1 .J-lH J-1 m-S I—LuMJ 
j\JJ_Q l_Q*J 1 jOi^Lil ^ Lo-UjJ l J *H j-Q jj*J I JjJ-flj i__S _\(j \ p. *\ ^ ^C- L) jJ l £_S _\J I 

(JjH j_QJ <4 j^.L^JI I \ AUL^. i Lo. LflJ'N Ls'JjJi.l j\-fl- Li--N_Q j-U^L-N- J J| IjU-UJ jlj Sjl UuJJ 

_ilc. j'Jjl'J I j_Q J_li \jj_i--N - 1 Jlj -1 . jl I 4x.JNJJ JJ_\J jL 4 I-N.jL'N- 11 4 1-N 3t 1 1 j>Lo_aJI 

^j-LaLxo (_| J-fljjjj jl j^_oj 4jJllll i_3jj-i-JI j*J ‘ jCv i_q Lo'J I (j\"\ 1-n. X Jl j_Q 4 1 -n C J^ 
4 J_ucj.ll jiidl (^jlSll f Lu&l Lq1 .>jUIj jLUyi jo JLucJ'Jl > 4jULil 6jULuC 
jjjJ jAJJ-fl-i^J I jU^JLll Jl^ 4j_JJjJlj ( Q Qjl 1 jU • l j'Jjj'Jl J A X A I JJHjxlS J^J j-Ll Li 

Lo^j'J (JlU i jv i-fl- ii--N _0 jOc.JNJJ j)ljj_\j jl V 1-fc 3t J l CjjH j|j iSjJ-UcJl JXLfljJ 1_\ \-N- 

.(j\jjjljj_Q jjLLsj 


r*\r 



frbjAflll i__ul 


5jLixoJI (\V) 

jjl it"\ /n ^4X.LuJI 1 3 IjrbO»jl£ V 0 j-k-\) 4X.Lf.uJI (j ^ * 4 Xj^jjU ^uJ 1 bj 1 i m 11 

j_o L^uJ JLa_o ^ Çj IjjJ-\5C N i ,A) LjLuuu.. V * 4uj JJ Uj-s-xj £u_Lu_fjju jluj 4 -qjLS-q 

6ju^ bj I i <n (3 jlJLc^J I Uj -k 11 I \ ^j 1 /ii \ 11 j^_l * ^LLiU bj 1 \ jjj. 11 4x j-LLi jx JjL cL-s.1 I 

4-l~>_CL\ j)_Q £jLxuJI 1 3 JjLJI JL^. ‘Ij\ 1^>~*- LoUjJ f4ul X I I IalI-U jJ*\ i fJJ ^JU^JI 

3 

(jx djuUJ 6j_ii J-flj *Jlu ^_u^uu J.4 _qLqI JjuU bj\ \ i n jj L-nAi jl ^luu^u jl i__Ls jj 
4uulx 6 j£ t— 1 3 \ t r\ \ jjj l_L$_S ju^l jl L )1 <u*>- Y * * Sjjiu dlj-^Jsl £u_oi lj| LqI tlll ts\~*. "A * 

!faj 1 t /n I I 


( _ s ^Le'^l ^aJI CjIjIauju (\ A) 

JlL I »^.\-k /i) S jk LgJ j j^uuu £_S jJI j I j--n-1 I CjLLu»X j ji jU^ iJ-L-b £u-ouu 4 u^j_q ^ 1 
cJl^uui.'Jl 5ji 4 -q_lS j\ f'i/n (£J ^*-II 4uuLJuJaJl SjflJI j| .^lJjJIu ^ > q jjjJUI jl^ lj| 
gJUI _Luu LxLal £_SJu L)l CjLI ->k x 11 ^uJcu-fjju ^u jj-o j - ç- laxl jj^u j)Lj (jj 0 11 j^LuJI 
^iluJl £_S_JI CjI L 4-0. \_CL-s- 1 1 Çj L\ LmJ 1 4.\ /n-\ llu Lu_iUkU jl ^jj-S j\^l SjSu 

t-_s_i^u £_s_JI cjLI jji jjjJI S^Ljj tJ^J Cy* Cy* (julu^lu L^.1 \_q_-nu j^-oJJ j-o.s 

.jUaJI jl ^JjJI (3 i_'~-k /nII 6j£ jA_<jjUkU 


(\ <\) 

9 ^ * " % - % ç ç 

l—S \ i__S j^2x J J (j L-\ll 4uiuk j)_Q (^jl X 11 PjUkJI J 4_slu^ jU^'Jlj Jij'Jl pLuu'Jl £_u£j 

plb-k-Vjl 4ujlj CjJ-S tj-^JjJI 4uui.uk. 4uujlui. j^j_Q £-CtJjl LoJ^-S .^jlu jj-fl.ll jjluuJI j_Q 
. 4u_Q _ii j jS ^LLu j lu*. j^J_Q I jl \ 6 jjul I 1 (j '~k- L L— k- \ Jll 1 j_l-kJ I l-i mj JuX ^ Lo'JJ 

.j-^JjJI CjLLlXX (J-Cj SJJlI' Jx (jil 1 l-> X <«—i lix '\ * \ j X <«—il g-L L—k-\ JI 4jjlj j)j^U j-L^J 
tC.VL-k_\ t Sjv-L)lu_Q ^-^_UjPj (Jx 4_luiuJI Cj'J J-QUkJI £_UUJ 4uJ_CX JjLuiJI Jlui.j j A » J (jiuuj 

.^Lo'JJ pLl-s-\I 4u*.L^. cJluX jj^u 


r*u 




JjLuj 


ulfcP- ( r *) 


f 2 6-°J ; i-U^ ujj i> <6^ (j^-jj-oSll ^yj-tJlj I mAI I jjj Jii a^ljJlj 

4x. j \jjj pL'A>*JI 1 ol /n~vl ^jJLLuj ttJJj (J-C. Sj'Jx. .yO\5L.> 4-ol ~\ is 'i (Jil 1 il 0 \ xjj 
.CjLjIjjj^J I ^ L 3t ,0 j_o j\£ I 4j^. j Jj i_ 3.l~s-1Ij Lo'ilJ L^JLfl-j-gj L n\ \ j 1 X \ Jall n\\ 1 Joj 

4.L\5L11 -Lijo Lo.\i> ^£u3j_3l 11 j-kidl 4 j^.Lu-o £_o i wnlnjL Jojo jLaJI Çj5likC Sjfl (j*Jj 

,jLuJ1 Sjfl 4 wnn I x \ \ Loofl 4jJ_uL 3*J1 ^_i_x_j (jflj'JI djLjlj.irs-11 junn t^-'N_~\_ll Sjlojj 
(j 1 J_u t j-L^ I Loj Çj\J </Scj </^> I LjI Q wn J-iflJI c1LLLcl> i x \ jux 11 I -l^Jj • ^ 1 j-^-cJLl 

^jJI ^_iflJI j-o jdk j ijfll ^LuJI 4_LL (j-° ^lj-j^.j-LL jkl Çj\l x 11 j jLuJl Sja 

t jl 0 wu 11 jjfl 4-LkJI J ^-^3 j^J L° ‘LJ • ( _^hjj-o''J1 ^ \Us 11 j LulJI L$£_Loj 

•^J-^I tL-AJt £-0 3 LLI jjflJI j-vn^fc 1 n) 


^ymi t ^i(n) 

(jUOjJI jlioliJ (J-C. ^ jJJI clij J--N- ll ^flLl ^ jJJIj (jOJjjljJI (j\_U_uLflJI (jo cJLLi.'Jl 
.(jvJjLoj-lI (J\_JJ_u£XflJI (J-C. j_LLlll ^J-3U j\<nn ^J-Lll t4_lljjJI j-O (J\-J -0 J-& IL .jLujJI (J|j 

(j-o ^-kc.'JI julflJI Luk-s-1 jx mij mij m) ^jJJI jj^ (j -0 pj-^J1 ^C-flJ (_^dll >_xuA.fl.1 Ij 

jiiU (j\u^j .jj^.*J 1 uJJ-ulflJI J- 2 »_J ^jJJl £_3 _\j jl j-o 4 _jUoj Libj 1 4j^LJ~*.*J1 Sj_flJI 

uJ-uAflJl ^L Lj •(J n 5'JI c_JJ-uLflJI ^J-Lll JJ_3Uj t(JjJ*Lj Jj*.*jl I UuAflJ 1 Jjj tc_flflj-Ll 

^g-XJJJ Lo-o J_3Lj'J i_jL jJl (jo (_Jj-~N- il 1 ^ jJJI jj-OJ jl t cJUjJS.'JI (J'Jk j-0 tJ-jlLLxJ jJi.'Jl 
jL jJI (J-u^ IIjJJ-mfl — > ^ \ i^>Q 11 jj L_jj j 1 j-o ^jJJL j (j^sL-JI 4_L\5L11 j^j_o £_Lqj (_£ 1 — 

.JoKJL j-jill jl Jl jl ‘SjLgi ‘J Lo Jl 


•^IjJI a&j*. (rr) 

(_j 1 j-kll Ll ! 4x. LuJ I (_J J LflC. 6 L_l I (j (hJj j^_l I j J iluuj I— 3.L-S-11 j I 4j^. 1 j J1 

j| (_^1 tj_fl_uo 6j 1 j. 0 o cJjjLll (J_c. jjjll gjLill ^jjJI :LJLJI iiLstJl L~*jLi tjLtiJI 
jjjll guLill ^jjLll .4JjjjJ*l Sj-flJI F^ 41 miL 11 II (^ j-JuJI 5ji T 0 1 6 .FY 2 — Fy\ = 0 
Sj-flJI S L \~*- iFY^ — SY 4 = 0 jj (_^l tj^.'Jl j-tb j-fl-u^ 6jli_lfl_o 4jLLJI 4-L x JI (J-C. 
(jLi ^jLHI ji jjj (jjiLi (_^ulflj .(j^j*Jl 4L/111 jj 4j_£lLlJI 4-LxJ1 (J_c. 4jjjjJ*l ^.LJI 


r\o 



-L>j-L£l1 I L-ul Ç- 


£ L^ a (jj^ cS > F OuL IjLfl .SjiLll LJ_uu_2i_a &Laul (3 uJiA^u j)l ^Jlu-j £ jl <n \ II 

.^LaJI (J| ^L^u'Jl (3 ^j \ nu11 jj^u lluj ^La'Jl (_J| (_£jUI 

S = TY 3 /Y 4 = (J-C. (J_ucuU <5" 4_aj-fl-i ^jjUll (jGJjLjlII (j\jLb ^-a--N-> 

t4u_*uuk <UjJ (^ ^3 < ^2J ^l < ^4 (jLi J^-All (J (ju_a jjfc La^j .Prir 3 /(r 2 r 4 ) 
,4^-ljjJI JfCiA ^J-c. «' dA.II F - S 4 1a dJLjji) .S < F (jLa l^-ij 

. icLiuJI 1 _ijLac ^l a. il ilij jL llj LiLiLi-C. <~' 1 a I a. II 3| 4j=-ljjJI ^jLujUJLuj 

Nightingale, J. D. “Which Way Will the Bike Move?” Physics Teacher 31 
(1993): 244-245. 


*JLUjjJIj ) sh>»MI jlj~i- n.1 (YT) 


jJjJ J j^Lxa-l j I IH 1,1 C-l UJ. 'I jLa 44 j2-IjJj Lo . 0 L . L rt j I '"' ~^l 4j2-l_2—) j j/L' 

Si 

.4jUjjJI J-C. ,j-a dcjJSj (3 1 _ 1 u 1 iñ 11 ^_fl^u ■ Q L 9 \ a 11 ^j^jLkJI 1 _ uLs.ll j_csu 4uj^j-a JjJa 

1 _ x \ n\"\ \ jJJI 4 _-s_>LJI SjUI £uL\ 2li L-s -1 4l__LL-x 11I 4 (j -s. (Jj-aj jl çJllIc. <. j-vuluJI lj_& 4 J J Lt_lj 

Jull J-c. (Jj-u^us-Hj .4jUj,_lU JjLLI (_^j \/nll (J 4uj^jll ^j-LJl 5j5j 4-uJLUI 1 (j \q 

I (j ‘i \-s. .i_j L a\a11 (j-^jLlJI t uLUI jUkU luj j_3L-lIj *J 4u_aLa*JI 4 l-s x JI 4jLjj CuLs t Jj / mj! I 

t > Q L * \ 11 ^j_o ^ j jUJJj . ‘ q L 9 \ 11 j.-s-\ jj-flJ 1 J-C. tll 3» 3 J (3 4u j^jl l Jj-LJ I 6jJ i x ' m~i i 

4u^.ljjJl £-3 Jj jl (J-3lUI lj_4i (jLu (j-a^ t ‘ Q L * 111 j.-s.> j-vU 6 Jusu JjUI jJ Ju jl dJu-Lc 
duJc. La (J^ t(_£jud 6j-a dJljuC.I 1 \ 3 Jjjtu-tuu ^uJl 4_lcuUJI (3j .(_£jj-a_3tJI (_£ju_uill j--s-\ 
(3 (j 3t juiaJI d ja_uj juLlj ^uCu-a-La jLua (3 J'-U 4u-aLa'^!l 4 l-s x Jl (Jjluv jj& 4_LlJ 


.^uU_uua 

^auuj t^NAA^ ^Lc. (_jjL' nl 4uJu»u_ajl j_U j-iuL dL-A tjjj-uj La (_J| 4_sl_uc| 

^jc 4--S-111IIj .(jljjdl JdL» 4uUjjJI CjLj (3 lj A -^ IjjJ I _\ 3t I \ 1 4. \.W\11 4^ J-gjJ I 

(j-a J-IjjJI (j-v5La.il I JjJu»u t_ijLLiLl juLJl j-&j ‘(jljjdl 6L-s-\l (3 4u-al_a'^jl 4 I-s 3t JI (_£jJu 

. «4u-1jj 1 ($< oj-aj jl (jjJ)) 4u*.ljjJI 6 jiuJ 

6 Lu) 4u-aLa^j I 4 1-s x JI (3 4u-a La'i! I 4 1-s x 11 4_uu^ulI 4^j_mJI jGL i_ x \ nñ \ Lauju (jU 

£_>_ucu (jl (j-a 4u-al_a'‘i!l 41-s x 11 £u-au ^uJI CjIjuLJI 4u_&l_a (jc. (JLxu jl Lulc. ‘(jljjdl 
Ijullj lljj-iuG I J-A (J-3L-flu La i jLJl 5j^ .4uUjjJI 4u_5u £_a ^jdJl (j-a jvU Lj jIj 


m 



ij Q '' I JlLuij 


4 1 -k aJI jl .4_jJj jA-au (_£jJI frUUjl (3 j‘'-u_u ‘ S j_lu (_J-A.r ^_\ 4kc (_^U I U \ n\\ 

(_J| 4 U »Jl £_L<0 ^lKJI Lq • <. uUUI (^j (jJjl-J I (3 I 3> ^ 1 (jl CjJjL^- IjI (J) I 3t ^ i»_SJ-iU 

i3 ^s*JjJ*JI Sjv.\5vJI SjJLll i x \ jjl l1 \ Lo Lxj j^~u j *(jl_)s5^ll ^3^-° (j-Q 'Ju.Ls >—sl-^_ 11 

4^*.ljjJl 4 \ 3 \j i_j^1jJLs t4j^.ljjJl (J_C. 4-iiC. j_q*J l .4^ j^-11 frU-jl 3 4 U x 11 Sl jU>_q 

t^ljjJI 4j jmjILj jjUJ .4^j-^Jl 6Uu 1 JJj^_j U J-4>j 44-lqU'JI 4_U_xJI UU j 1 ~vjLL> 

.4jj^j_ 11 SUUJI (Jjt-flu ^jflu U 4 _lqU'J1 4U * 11 jl jJ-U -uj 

Kirshner, D. “Some Nonexplanations ofBicycle Stability. ” American Journal 
of Physics 48 (1980): 36-38. 


AAt 11 j^jLoj (T £) 

t4-i.sU 4 _sUu-qj UUlILI «Jxs» jUxJI SjUuu jjU ^U\\ JUJI 4 % 'ilo> 

U& \__ 3 J^JI . \__S-U_ 3 Lji. I jLi~s-> j_ 4 >j 4 lc.j_u JjLxJI JjjJ (ju^. (Jjj-UII jc. Sj 1 \ / 1111 ^ju*u 

. \__LU-3l 1L I J_c. JUJI \ ol/ mII (^jjjUJI <3 ^jj-UJJ J_c.'JI ic.j^-uJl \__4 lU jl ja 


Py F 



jl m-vI pllll ( ^_qU'JI jjUI cjIj SjUxuJI ^jUuIj t(_|U-LuJl (3 iU-j-q ja Uls 

4_l$U^!I SjflJl 6J-4> .P Sj-SJI l^jiol t4_LsUij 4_3»_SJ jj Lv lq U*J 1 jUU X JI 0 lll t \__LU_3 lj-L I 


r^v 














-L>j-L£l 1 I L-ul Ç- 


4i uLJI ^Lo'Jl 6 j 1 WM 11 n\~*. ^&LiuL J-V 0 I JlLII L^UU^j -0 1 (j 1 V l^fc \ JnC 4 F 

J^.I.aJ1 i_ ii.-s.ll > oL*\ 11 ^j-o ^jLLll ^Lo'JJ SjLlxuJI £-3^ L^ul (_£jj (jl j^-ou 

~ •$ p- 

j£LJI JLJ-Ul 5jiJ -aJI 4 _ai_q.II Sji.ll j-° (_^l jjl J Ll_9 i ilaJLilI j_o 

.^j'Jjj'JI jJjjjUIj cjIjLL^II j'-i 

Franklin, G. B. “The Late Apex Turn.” Physics Teacher 28 (1990): 68. 
Hewko, R. A. D. “The Racing Car Turn." Physics Teacher 26 (1988): 
436-437. 


•jiuJt (ro) 

4JU 6 jl \ jux II ^Jum jiLucJI Sjl \ jux llu 4_ucLkJl 4 ^jj^J 1 iiLL (J_ucu jl > _ i~n .\ 

jljuJI (_J| 4iL.aH ul^l X ‘ Q Q j~ 11 4iLxLO Cul^ lj| . jLl-OL ^,jJu_uUU jl ^JuS jj^v jux II 
Jtul^-LI (J_C. L X llj SjvuL-o jIJ-~s. 11 ju»u SjLxaJI 4uus.ja j\c j .^l^lL-ucl cLju^u jJ-S 4^ 
4iLu-o ^J-C. Sjajll (|3^3JI 0^9^) ^ (j^LaJI Jl^uuh'Jl Sji 4 L> /iilja ((JjJull (JJLaJI» jLfi 
‘ qq jlll 4iLu-o jL>u| (Ju^.1 j-° J-^lLj .tyiv 2 /2 — F x = 0 4JjLLI j-° j-i^uu x u_LsjJJI 

.x = mv 2 /2F <jl 

uuusu 4 4u j^jl 1 JjJ^il I 6 ji (J-outu 4 ^u LLL I I Jjku jjj I jj J <sS* I ^ I ^LjmL 1 4J L^. 

4_oui o-olj Loj .R = mv 2 /F jl F - mv 2 /R = 0 jLi j'Jjj! <jl oiu J Lojlc 4J| 
^jj jl Li\5Lu j .jljuJL S jlxaJI ^jL_ucJ J>L id jlj^JI 4iLaJ.I j^o (_Jil R jl x 
X ‘ Q Qj~ 11 4iLao jLi ‘F (j^LaJl cJ l < \~i~*.'J 1 Sji jaiu (_J| 4u_auJL 4ul jjiJI (J_C. 

.jlj^JI ^JI^ cJiujL (_§ uulj ^ulSLLI L x \ jl (J_u\^*JI j^o UJ .R /2 


r*\A 





jj LxJ I J_u^aJ I 




5t/l5$3 (\) 

jj5L> 4 (JLucJ I n\~^ i I j j J J-O ^IjJjLS J^_J 4uI J| 6lAC- Cj Lti) Ij J yLuU .4 ~S. \ 6jL lxJI 

Slj-LI jl Llxtlj^ gJjLlUI . JL*.jJI j_Q Lq 4j^.j,_u ^jsl j-q*J1 4o,' 0% (3 s-LtujJI 

t4 AaiLlll jllOu J JjjJI 1 1 <\ \ ^lJ 1 Cj'J-uCl>J 1 4u_o^ ju-fl-j diL_CL> jl J| 4u*.L~s _\ Çj ./n \ 1 
SjLc. jj \ i^ilujll ^_\~nu n\\ icllJj 4_sl_ui| .4_sl^ (_£j^.*J1 J_q1j_xJ 1 (_£jl_mu Jli J U.A 
J Sils SjUs J1 q juLq_-s-1 ^JLuu 'J lc^Jj .4 vL ^>x 11 ^lj^ j_Q 4 uLLLi Y* j_o ju^l 
^Lc. jLvdjl ^3 jJ jo-luj j ^_sjJ_3 i_S Lq-q ^j’luI 4j^.L i-mJl J-C. l_Aj_aC. j_q 6 jliC. 4_s_>1jJ1 
JLci'JI cjLujJj J'iLl j_q Sj\_^ SpLIj pUluJI ^u_Uj_lj-u .Lu_Ju_4)j jGj jl ^\^Y1 
J| 4_ULxlU J-JjU 1cg-3 ‘(^^1 JjjJI jI^ 1j| .O'J-UxsJI p. \~^. J 1jjJ> I_' \ n\"\ \ jl jjJ 
4 -u-lu cJ'Ju-q 1 J[ Sljll J_uu .Slj-Llu 4 ujLLq 4 xJ-uLxJl 4 jjj .\*J 1 j_Q j-x^l IjCS 4 ^'Ju_q1 

j_ 2 iU JUi.jJ1 (_^>jJ 4u_nuJ 1 6 i_Ufc £_Juu Lcu_u i4ul_Uu Y 0 j.-su L&jJjS 4 j-\^1 jjjll (J[ jj&J 

.4uJl_oui.'J1 u_SjjlSJ1 ^jLllu J-U (J 4uLLL \ 0 

Alexander, R. McNeill. The Human Machine. New York: Columbia 
University Press, 1992, pp. 35-39. 

Wilmore, J. H. “A Look at the Female Athlete Proves a Women Is NotLimited 
by Her Biology. ” Women in Sports June (1974): 40. 



pLj-l-flJI L_ul C- 


UI^JI j jkui (r) 


J-uCJ La.\ii .pLjp-flJI Çjl i /hLojI (jA X J J*jLl. j-o 6 jUiiiiG (Jfl (in plj^JI (3 jL i II 

I Jjjlj jjlx ~\ 11 ciJi UJ ‘4_>l x 11 4-Lilfl 4_i Jj-Q_xJI ic. j^jjJI jj^»j ‘‘LIjJls SjjJ ç- H 

3 *\ j-gJI O-SjJI <■ ^ukH-i ^jJsl (jl ^jl oLLa-JI j_ilj ,j-q L3Lq_) j .4 _sUlJJ 


<6J^.IjJI 4_LiljJI (jc. JL» «plj-^JI 3 JLl\U » J_*_flJl CxSjJI .6j-£LflJI jLillo jja 13t II ^jJI 

ItJJJ i-_s'JL. j_q*J 1 jl J-SlLs-j ujjj^—i iLlijJ jcil / jLjJl 4-ojJ\i-Q LLj'JI 4*\j^. II j^J 


SjAaJl jjjlII djjj^.1 (T) 

. jJ X 11 J_uksl ^cjlij 3_l_£L2i-JJ (_£j_u3-fljl 4 j^.IjJI J^l (J-Q 6J-Ui. J -\C Lj-^J jjplj-xJI ^ l i-~\- 1 

^-j-o (J-^-l (j-o ^j^ij'Jl £-o cJl^iVjl jij_s j_£_S t(juj-vj^ (jLjj-Jaj IlJI jkiiJI pL~*. (_£jjj 
4 JjJ-QJ plJ-aJI (J-0-3LJ eJJJ^-J tji_flJI J-C 4_bsl_ul| Sjki ^tj-OJ L£ tt_i sLl.ll jl ^.Lo'JJ j*Jjj*Jl 

j! P % ^ p p 

I llL J.-S-1 J-C (JM 0 1 j-1jJI (joL (j-Q (_^1 jj-Li-J 3 J-ulS (_^1J . JII 11 j-vl jJjJ J1 Jj-Q 1 

4_^fcj 1 i_J I 4 X 1 ILj . Jj / njll jfr.~s.iJI J-C p. m~\ llj (j-sLtuJI cJj- 2 i_i P-ljJull iilla j-o 1 iA X j jl 

I iL I /II 4il_kJI jA»J jl IjjJl ^'l>l 

SjrLflJI JIJj-QI J-C -1 L~\-lI g-1 J.H kjL-ukjj *J t(j^j*Jl J-C 4 _i_qLq'J 1 ^-iSJI L^lfl l Loj-lJ 

(J'JL. 4 K /7i J| IJjLc. Jjjj jl J-C. IjjLi j^^_i Lukil Loj|j t!_ i. /nj 6 Jj /n-ill 4-ij-ojJI 

I (j K kl_ai_uOj'Jl ^_upj-oj t Jal 3» iM i*JI jljJLoj tCjJ-SjjJli .tiUjJ 6 Jj /n.ill 4_ilojJl SjrLill 
UjJ-kj -1 tjlill J 11 /II J-C. .4 1 X iMl 4. iLctC. Ç-l-l^JJ Jj-o'JI ^_CQ_uCjJI (j-Q J X ~S 1 4-q^-q J-oljC. 
p j-'N.ll J-C. 6j\ i<^>0 II oliLail g-Lc j,J_3Lj .4_ucLl. Ci\ 11 /11~\ j 4_flJlH_ll jl 1 / 11 II CjLsLllo 

4jjLi-o ^-uc^il 1 j_4i 3 (j'-LjjJl (j-Q -Liji 4u*.L^. tULiJs IjJ i 1 1 lc*Jl_i 4 -q- li (J_q ^-qL*JI 

(j-o ^ (j 'ljL\ (jj5Lls 4 k / 11 jjjl CjLsLllLI jp 1-1C Ll .^.-iSJI <■ jl I_ 1 0 x JI 4 0 k *i oj 

L (juLu^Jl J| i 1 0 X 11 (j-o Sf-litS» Jil j-~\.i J-C jl^ £_jLu^*J 1 J| ^,-liJI k /nj 4_i_kj-Q 

4j-L^.*J1 CjLqj-q_ucj Çi-\(j /7i .^.-iSJI i_S 1 L 1 io 4_i_Lj-Q Jl i 10 x 11 j-o i_jj jJI j-Q -Li jil t_jJ-Lli 

S 

. j /ii^». 1 11 j-o -Liji 4 us.Lllo ciLiJs Jljj *J j^J 1 1 i / 11 ~\i 

Olympics Editor. “Running Shoes. ” Newsweek (July 27,1992): 58. 
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£>j\jur \flll j jjlII CjLsIj-uj (£) 

J(j) 4-ul^gJI 4_JSll jT 4 jjj I^j 4 vl i^i» Jl Li'bLkJI (3 4 _jjLj-qj£J1 4jLLJI ^Ljj 

Si 

j * jl l£. LpL* SjJ. j^J-JI J^UlII J-lC- • ^ niS^ll 4 _jLx£. l|) 4jjI^-&'JJI 4_jJ'JI^ t (JA ^ niS^ll 

(Jj 4 _iLcl£. J «jl J /m II JSL^.)) J /7i M nill (JA /n^vjl ^_4>l_iUJ t^jl^J 

jl \ jjj ç-J j JxS J^JLj J <Tin tnlI (jA ni*s*JI LqI .Çj*J t/~\ a II J^.1 J-o 4 _jjLj_qjSJI 4_5l_LJI 

*\ YJ tLjjl^_& 4_xo 4 jLLL> V 4.) mj ^j^S-j (_^J-II <JLqj 2».*JI 45lIaJI i_JJaj-o J p. (j jj. \\ & jtLq 35ULI 

.Llj 1 'J 4Ji_q 4LU.L 

Frohlich, C., ed. Physics of Sports. College Park, Md.: American Association 
ofPhysics Teachers, 1986, pp. 113-123. 

Ward-Smith, A. J. “A Mathematical Theory of Running, Based on the First 
Law of Thermodynamics, and Its Application to the Performance of 
World-Class Athletes.” Journal of Biomechanics 18 (1985): 337-349. 

jJj jJa CiliLmX jjitJI JL±a_ulijrLul (0) 

$ ç. 5 

^Sljj jJ*-LjJ J1J ni 11 J^*jl (Jj^-l^ll J'Jjk. JojJlLI (_JJjJjJI t—XJjaC (J (j^plj-JtJI (_j£.jJ 

J^ljl.1 (jS /n.1.1 4JL^JI 4_JjljJi'JJl 4 jJ^! 1 ^Llj i^iC- J cJjjS'JJI Q~v 

j)-Q jlflj^ ^J^l Jl^ Cj'J-uS_*J I J^-lj dljjS'JJl ^jA Oi ~V (_£jjj . jl \ /II11 (jX) I 

.plftl cjLj \ / ii r\ 

Frohlich, C., ed. Physics of Sports. College Park, Md.: American Association 
ofPhysics Teachers, 1986, pp. 113-123. 

Strnad, J. “Physics of Long-Distance Running.” American Journal of 
Physics 53 (1985): 371-373. 

Ward-Smith, A. J. “A Mathematical Theory of Running, Based on the First 
Law of Thermodynamics, and Its Application to the Performance of 
World-Class Athletes.” Journal of Biomechanics 18 (1985): 337-349. 
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L jiall ljjLx 


JLxJI j a 5II 4i^ulxflJI ^Liij^l Jx. ^jlIjJtoJI ^ijJLl oljuU (l) 

j-fl-fl-11 4 \ niLi.fl.ll ^.li IJ. tt\\ JjC. Ç) 4-A-Lfl (3 ,/LL-ll (J-&Li-J pljj 4 \/ II AJj-1 I t_ll \ JJL )*^H j_Q 

% % 0 p % p i- p ^ 

I J_4> (3 jaj 5L 4_j_o_4il jj^l IjjJ i_ jJlJj (_£jj^.1 (J_q1jC. 4-qj jl 4 Q i Q Jj I i_jj jJIj JL*JI 

jl t4_uljJI J (jj jtLq £_1L11 4_i ^j_q_<.u_ 11 jl J.Q II Jj,A^. J 4-0. iQ_~s- 11 ^LjJI 4 q tt\\§ .j-o'JI 

<4jjLjJ1j SjIjJ^JI 4_^jJ jl <j_fl_flJI £_uCj_Q J| fl II jLoil J-C. 4j jrLlj I_ X n\X II 4JU 

J CjjLjj jl j^_oj jj_q*J 1 <t—jJ-LxflJ 1 pLl^-jI j 1 J_fl —q jl <ç. 1 j ^_11 4 _SLf\ jl 

.1 _xC.'JJI 4_2i_JJJ (J-C. jl^ 1 jGL I 4 J jj5Ll J 4_JJ_3LQ ^-Lfl 

3 < '}‘" < ' a ‘ 6 h?AJ ^7 5^3 j Jjli Jx .1 jl 

.4jLL VY,Y ç\ j_^_ 1 1 4_S L^ (3 1 j j^j Lojjj < 4j L L * , i j^rs-i £_1 jj J| i 4j LlU 1 j\x is *1 

^ij J-4lJ <Çj1jLoj-l _0 Y 6j1 J-fl-Q 3_)Lfl 3[ (J-ijGLJI jjj-fll (jGjJ_3lJ (_£j JJ <JLl 11 J-fl-flJI 3 
jj jL.ll ji-flJ1 3 Lq1 .^LlII ji-flJI cjLLfljjl 4_j juLflj (_^jJ1 <jA_Qjjj_tuJL 4 j jLfl_Q 4_sL 

^jjjj j*\ wnL 3 ^ 4_oj_fl (j^jL lL 1 1 3| Lujij L^-fl-uaj <Ci1 IjA-ojjj-jj 0 jjliJI ^Jjj^ 

u _jjj ^ij (J.L <i^j_uLl 1 _i_sj ^ja| pIj^JI 4_sLL 3 (j^LfljLI 3 |. ^-^ 1 j j ^1 u_s_u^jJ 1 j 
J-Lxfll WA ^Lc. ^jjjj j5vJ q 3 4-v lI jj 1 i_jLl1'J1 3 (JxajlLI (_}j jkll j-fl-fl.ll jJO-U 

— s 

la ■" ._ULi I J-C. 4j»_aI^JI j jia ij ^.uj^ ‘^ ^ ^ N (xU J1 a. ^_lLc. (xJa^j 

//. . nñ^g 4"j rnj jLLol A (Ja. ... ^jJI^ ‘S_ic—lll CjLjJ^JI (j^ 3 d^Lj JjLo 4 U . 1 .Ij^ \ ^js—xJI 


Ficken, G. W. Jr. “More on Olympic Records and g. ” American Journal of 
Physics 54 (1986): 1063. 

Frohlich, C. “Effect of Wind and Altitude on Record Performance in Foot 
Races, Pole Vault, and Long Jump. ” American Journal of Physics 53 
(1985): 726. 

Kirkpatrick, P. “Bad Physics in Athletic Measurements.” American Journal 
of Physics 12 (1944): 7. 

McFarland, E. “How Olympic RecordsDepend on Location. ” American Jour- 
nal of Physics 54 (1986): 513. 
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JLsJI jjLflJI 4lj~v (V) 


L^j j^_oj ^jJI S_iijJl 4_fljjkJ1 (_£j-\_ujj^ Sj^LS 4_u_fl_j _J_s_j <4_xJl_aJI CjLc.LiujJ1 (J_c. 

4_uJL-^ 11 j^j_o j^ £J-kj_LUj l_)jJI j-uVsl ^j-^j .i__u_tJxflJI jIT l-n-> (jl j_sl_flJJ 

4_u jL^JI j!^^)_o l,_Jj I jl^ . ^CjLuCi^j £J_luj jl_o_ii) Ijitun /n A * jljj-o ji^'J 4_j ^UJI 
4 ^ jj)J~iJLi i_qjj (_£jJl j_sl_flJI 4 JU 3) (jkjJI j ^9 jrLo jLfljjl iAjC. j_sl_flJI_j (j^L^JI 

Cj-LU JJkJ JI 4 jrLo \ , ^ = jrLo * , A + jr\_0 \ , \ Wil 4_fl_J_fl_^_J jfVoJ ^J-flj j I ^u^S I j Ls 

j^J-O jj*\ \ AU t ^1_ifl1 ^jLoJ Lg-Clijjl Sj-fl-S Jj-fl-j-j \Cj .(J^J*J1 jj^ CjLlOJ-J ^_JjIj ^ljil 

4 i_J-J-HjJ I I _i^JJ ! i_luA-fl-11 Ç.l.~S.j Cj L U 2 JJ ^J LoJj ^ ji 4_S Lu _0 (J_C LflJ l_J (j^ LkJ I 4_J_1 j l_^J I 

.4_fljjkJ1 6_\(j i 3^1-flJI (_£jJj Lo_UC. jiliJI J < 11 % ^jlk. 4_i_ijL^JI j^j-o jj ^_1 


&ljJL jiLiJI (A) 


4jjjllj ^j-ojj (^jJI cJJj (_^l) 4jlj (J_u\s 1 cJJj-oj (jl c_xC.*JJl (J_C. -i^LUL 4 P_Li (_^j L^^Li 
4jj_1iJI pL’iViUI 4_ijfc.j_Q pljjl 4jljJI 3| ^JjiiLI 4il_kJI (j_o j^l lj_ii j| ijj.i-~s.i 4 ((_£j-uJ-flJ 1 

(jl (^Jljjj (_^jJI 3j)-kJl Lo jf\J .Sj-fl-flJI (J'Jk. 4 jIjJIj jiLflJI ck>^-> 4 1 j_L^_o Ji.ii 
jjkj 4 3j^JI 3-0 _LijJ*l 4_‘iuAi jjk'JI 4jljJLs >( jujiJI .kijo j_& l_ui S4jljJ1 4.ilc. jj^j 

£jj-o 1 uu Ljjj .6jvuLj_o jj_i_i_u31 3 4j1jJ1 jjjC. JxS j_sliJ1 4cj\u pl_ki| jl^ (S^3 s n) Lo 

4 ji—flJ 1 £_u2i j-Ci 3-0 t 1 jr\ij Lojjj jiliJI 4_o j)J-Vi_qj 4_ujLkJ 1 4f\jjkJ1 4il_L ^_o LiJjk 4cj-u-J 1 

4j.LoC J| I (g 10~i j^_o_i J^I 4iLk j 4j1jJ1 3 J^ 1 P-Ljjjl jl-ii-o JiUI 4c jujJI 3 C. gtVi 1 

. 4j IjJ I 4_ktu Ijj J-C.'J ^i jJ I 

4_o_flJ I ^jji jiliJJ 4_xol_o'J1 4 ifl S*J1 4^j^JI 3 I 3 Jj-olil k jVJI _i.ii.ll Ijji jl^ 1 
cJjxloj Lo_UC.j '(S3 1^11 (_U-uVflJl jj^ Lii-sl 6 _Lu-u- 3 jj-~n- 1 j_C. 6 jjli jj^J jl uj-~s.i 

jj^j jl Jj *J ^jxS LoC. 'J.iLs 4_sLVl 1 J| 4-WiS £_uiJ-O 3 j1jj Jjkl 4j1jf jiLiJI 

4j.Lo-C. 3 (j~V9 4j 1 jJJ ^t-o-tuj (_S Li j _iij 4j 1 jJ 1 (^jjjj (j.vi--^-i ^ijj Loj 5jjfi j _i>J I 4c jvu 

4cjv-u j£j 'ul 1 jlj .^jj^-ujJI C-cxflJjJ 1 3 jflLiJJ 4. ii.sU 1 4^j.-sJl &j_4> j Q j jl 4_oLflj-uuU 1 
Loj-u j j_iunl 1 3 4j1 jJJ (jxijjiJJ 4-ijkJI jj<5 ^.LoUJ j_sLiJl j j.VL 1 jJ^ t4.i_sl^ j_iiLII 
j\ /n^kj jujk jC. _i^. ^u^S*J 4 j ji_S jlijjl ^_kau jl JjLau 4jljJJ j-sli .4j1jJ1 Jjij.i 
t _\ / u ~s 11 £_u^J-o 3 & Ilj\-i-J 1j 4 3 Luuo'J 1 £_u^J-oj 4 j _iitJ 1 4cjvu 3-0 ^cj j_o j 'Jk. 3-0 4j j 1 m 1 

.4jljJ1 jl 1 j ~k. lj 
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frbjAflll 


iluJISj* (<\) 

-kflfl L^iflj ( 4-ClL-n- 1 Li ^ .ik-ukl j) 1 j j J 1 0 .\ 0 6j J-uO-o 4 _L<.uJ I 4*^ j /n 3 5J^J 1 kj^. \ 

4_j4_sLuxlLLi (jIx \ \ Lcu. 3 jJ Jj 4 4_\_qjJI iij 3 Sj5Ul ^giiaJl j Ij j jJI >_ij 1 / 11 1 ^ <n \ 

(j\_a. plj_U) 4 4*\ WM 11 6jSJI (JULOJ (j\_^ ^ Q k 11 oL^ ^-O-kaJ I 4_0_i-flJl OJAJJ .(Jj^._iJI 
4-0.L-s-\ Sj!iJI ÇjyflJaijl jJ j^J .^-O-L-n- 11 ^jJJL Lg-oLkjjl i_i_a_j jl 4 -LluJ 1 3 Sj-Ouk-o kfl n\"\ 
L)L?s 5^ Sj^-C icJJJ J-3LJ 4-jl a 11 4-1 iLlt> 4-jJ1 0*\ a! 4.sLuj_q ^g-flkJl Jjjj-Jl \‘\ \ /ufl <4 -LuJ1 
ji\ 1 1) 1 \Q lAfc. Lil jjJ jj_ii ^jJI 6 j£Jl)> (jl L>£- 4_bl-j jjiJl O'J-J-jJl h\\~\ . ( _y\-fl--Ñ-~>_Ci 
jjii lt^JI ^j^Jk ijjL5_Q 4 -jJLq^^! 1 iiLk.il 3j iJLfllj'Jl iiLk.ll (3 (_>iLo--ijLj LajIj 

4-LxuJ 1 3 kfl n\"\ j'J 1 ~n \~wjj jS£lj ((4 _uj'J_uj j!&l)) 4 _j_q^JI j_ 1\T\ (j-oj ((.Lj_qLq 1 kljj^ 

. 4_ikJl 3 ^k~\Jj (jl 


Brancazio, P. J. “Physics of Basketball.” American Journal of Physics 49 
(1982): 356-365. 

Erratum. “Physics of Basketball.” American Journal of Physics 50 (1982): 
567. 


i__jLJ1 jl_k| ish*. (j^J 4 ^Lq*!JJ >llljj cJj- 2 i_\ (jl dLJc. 4>J» \LuaI t__flljkl (J_c 4-0-0-\ 

ç\ \ nil i _ jik*\ \ n\ Lfrl^J 4j_q'^!I U-4> Jji^_jJ 4_L\_uj j cJk-A .^Lq'JJ tllj--\-\Jl j_Q >1,1 XJ_qj-uj 

'kjH 1 ^ Q J) 4 ^(_^^_aJl_\ jkL£ ^-fl-J-ui^ cJj_iJ 3 (jJ-Lfli j\ & ti\~y. cJ-uj_qI . 4 _i£kk| 
.>ll x \Lua 1 t__flljkl (J_C >. o4^1 _q*JJ >lliC.lji ^-^jl 4 >__jLjJI iflLa. _llc i__flj_ucj_LI 


J*-^ 1 J j l>»j 0 \ ) 

ç. . p i 9 

jl j- 2 *- 1 ^-$-JjLlAq ilL\j-A\ 3 jj£fl\-\ f"6"H (j'-Sji^ksl (>jjkAll Jukol (J_Q (jk XJ Jj-flJ 

i_fll£ HcSjJ jl_k\.\*JI jj_s_\_kj_ujj \| j)JJ^-l (J J-fl-\ LoJ_\_\ 4 ^_qIjJI _L\ (j-Q SJ^JI ^j^_j 

t—J -cl g-Ll^_J .^_q!jJI _L\ >q 1 (g % JJJ. _i-S-J ^llil >k \ 1 jj_ii (j-4\J Sjkil jjJJ JlU-2i_J 
Sj^JI i!L>. 3 — ^ j »j Lq jAj ti\ jnAILj ^kfllJ 4_\jkJI >q pIjj^. 1 ia_iA_\ >-jjl >k 11 
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4iLtb0 jc Sj£JIj Ij-XJ jl > \ i jj-udLl 4 ^jj*. jl — 4cLuJI (3 'Li-Q S * 4-C.jtto LiJaJII 

.LoLa Y * jc 

(j-0 SjLII ^JJJ*. J-3LJ ^_£jjl_tilO (L-ij-sL (j l s 3^*AX> jl Slj-$JI (j-OjLc.ll l_l1c*J X \\ \ 

4jijJJI jl ac. uu i_j j-uC.ll jl Luj j \jj jjjO nn*\ \ ttLfl IJL Ij L 0 \ ^J jjL !SjvLLo ^g-oljJI Jj 

L tJcfldJl jL-S (j CjJ-SlLul j3 SjLII jjLi jjl J-3LJ L-J jLcJI 1 (j \ lc l-fl-O-l ^jJ I 4wil AJjJ 1 

j-& djJc L (J^ .4c j \oj i j j-lG-LI dijc»J (j-o 6 LS_qj jo ji j_o_uC-3»_o ( ijl ts^ 11 d-Loj ^aJ 

4cLuJI (3 Lj-o A* 4c jbuj CjIjLII 4_lS t SCCl) ^_oj j^cil-S j « jLcJI 4^. jJ jc i QQ * jl 

. j-o'J I 4-.iL jjLou Lu j_3t /7u j"iS I jl 


SSL^-S LgjfcLaul JjCiALuJI oljou jl Jj^ (N Y) 

JdL dL jLu-ll juJL cj'JL. JL^.1^ j_o 4uLL Vo j.-^> t^iljJI j .^-*u .j-& > > 1IjcJ 1 

j_o 6jo^.'JI 4-LLflJI ^lis'JI JLL jLu-ll j\_iJlj Cj'JL fc ^Jjj Jj t 4_lojJ 1 j-o ^LJl b_S_udJI 
‘1 (j ILdj 4-L_ixuj 4JL. jLLl Sldc iijJ -20 Li^S !4 jLLL 0 * LjL 0 o 4 JjL 4 j /u j 4_iojJI 
L aucj Jjj^. jjjj ^-jJl SjLJI jc ç\ j-^-ll £ jLtu jGL LjGcl Ij| .(JjjLJI ^jLujJI 4JL^. 
iS = (l/2)tlt^ j\_^_ttJI (js-cL jJI j\-J_3uJI LjjJ jj*\ \ tU (JjJjC t(Jc_ltUJjJ1 j^CjJlj^ LjL 
lsl^-Jj . t 4cLtJL jjjJsdl Cj-SjJIj t£l CuLJl £jLtuJI LuJlj <5 4t^.lj^jl 4_sLu_0 tfj\ 

4t^.1j1^ jl J^cjrLfll t(JLJsl Jjj_tu Jc .4-l'iojj 1 SjrLflJI £-Jj_Q ^_o 4t^.1j^j1 jlj-fl-o I WIILjj 

LJ1 o1 4jdj^!1 £_Jjj_tu iJLJl d . S 1 j 4_tc jj ^Jjj 4_iojJI jo (Jj^ll i_LucjJI 

.CjLcjj t LglxdL 4_iojJJ 

Jjj^. SjLll (jljj*4 jc gSLJI plj^JI ^JLtu joLJ j5Loj tdAoj j^l 4JLi. 

£jLojJI 4JU (j i_jj-ttLc_ll joLJL 4jjl_flLo 4t^jJJI (_jji Ijjjj jj^l (jj^-J (jl 1 (j tttflj 

.&dcl Sjj^dll cuLJI 

iaiJiiiSj^ji (>r) 

i 

lcjLtbo (jli t^LojJI 6sij ^.(jjCLtuj ^lj 4_L_tuljj jjdJI jr-s-ilI jc 4_tuji_ll SjSLll CliQ. 1I lj| 
UJjLAll jc 1J \ x j tjLujJl ^l^ 4 _isLc'J 1 4^jjdl j A x \ £-o tjuLu*JL ((j-fl-tudJ)) juij-flj-itu 
4_tuj-fl-ll SjLJI tiljjdj (_£j-\ jjujJI 6Jj ^oljll JjG-ttu jj^j .^-’io-i 11 6 Jj ^JjLLttu (_^jJI 


rvo 



g-Lj.lQ.il ^ Ç- 


(3 jj'j f^-j 5 J^-” j-c- ur°’j^* u^S. 1 ■ur^’j^' (Ifi^ J’j 

‘fLs'ill J’ <—LLaJI (jja L$IaS Jjji SjfLll 4-Sij jj-u (jii'JI J3^J>I j’jj-i :JuisLfjl 

t,_ijLfiLC. 6L^il ^jr&C. 6j^-ll 4_fl_Sj jjSI ^ujIjJI jj^». II Jj^ (jlj s 3>-iJI (j-0 j\-ll l» j I jSjsj 

jj^ 11 (Jj-^ (jljJ<jJI jA x j i_sLui_» <Cj-IL^_ 1I ^JaULa ^3j • J-C.I (j“° I (3 *l[ jJajJI ii£. 4 _C.I_ojJI 

.LlAiI jI»^ 1I ^JLa^ll 



joLj (3 6 Ju*j jjljj jJI 4-la-mlj_> Sjl^-ll 4ll Jj^u ^UI (JajjqLI jLlllLI j\ <nfl_' (j_c\5L> 

't^" 1 I fl »■«* J^ JJ- 55 I_pj’ J j.'” 5 _£ Jl ■ Jjjjf J-at Jfilaj jJij .(jjj^La-Ls 

jjJj 1 L> nll 4 0 ,^Lo JuJI 4_fl.uLa ^O-uU plJ_$JI j-0 ^uLxJJ 4_5 _lSj 4_fl.uLa (J.3LU*. J 

^j-^l J-c- ^lj-^-ll jyc- 1 (3 •"** Jj^ jj^ jr^JI -Sj^J' cj'jj j £* 

JL-^-sO ^J-C. jlljli ^au cj°J tSju^jJJ J ^t_la_LuJl J)C. ^,LaJI plj_£_11 j^SJu l_£u Jxn-CLi^ ^jHll 
j^l 4_^jJu ^SjlJI jUuxj j-LUk çj_u ji^Lo jdLl Lutli Lufc (j-oj <n-\ II Jju*. ^,L*JI J^SjTiH 
jn^c. dj_ 2 h_j_LI i_uL^JI ^J-c. 4_lx> ^LjJI ^_o cJj.^k-ii.1 i_uL>JI J_c. ^jjjj_ 5_LI L> <nII Jj-^- 


Jj A-ULuJI 6 j£J (_gj I * 11 ( uL>JI ^J-C. Ç-lj^JI j^SJU jj^U . I 4 IlC. 4 _U_QjJI SjrLflJI J ^lujJI 

(jj^I uj 4 ul J-C. Jjjjj ljj_o (j^uj .'J_cLs ^j_uI JJluJI (_uluJI (J-C. jj^u Lojjj *Ju_Ls UsjI 

(jojIjJI j J U Jj^ (jljjjJI (__U_uUU . Ijl (j I SjlJI (_JJU_LaUJ t JiLuj'J Sjfl 4 I t/^i^ Q cJLlii 

(j£. Ijj_su <jLujjJI 6 jUl ilJju»uj III ijuojJLj 4 ujl_fl_o jLujjJI (J_C. cJ^I Li * Jjj^. j (3 
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4_uoL_j1 


j N 0 * CjLc.^ojJI ^JI 4 j iimILj ■ ^ 1 Ji i II ç. Jja. ~ uu (_^JJI i '__j ' LtjjJ I 

i_Q '__j ^ jLi I - ' jjjUI j '4a j a \ II j LA* * j l_j_j _jJ (9 (4X-I m I' i_§ Jxo N * * J ^ 1 1 

.^LjJI 4xj^u ^j^j ^-°_9 (jljjtaiil (J_9*JI S^SJI ^-o Lj jJa ^xiLsJI 
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Perennial, 1990. 

Allman, W. F. “The Untold Physics ofthe Cun'ehall. ” In Newton at the Bat: 
The Science in Sports, edited by E. W. Schrier and W. F. Allman. New 
York: Charles Scribner's Sons, 1987, pp. 3-14. 

Briggs, L. J. “Effect of Spin and Speed on the Lateral Deflection (Curve) 
of a Baseball; and the Magnus Effect for Smooth Spheres. ” Ameri- 
can Journal of Physics 27 (1959): 589-596. Repr., A. Armenti Jr., ed., 
The Physics of Sports, vol. f . New York: American Institute ofPhysics, 
1992, pp. 47-54. 
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Freeman, 1990. 

Jj). 1 ‘“JJ^ ®L“ ,7.A~ (L £) 

ç-LLc I JjaJi .■>! .0 ij> ^-oljJI ^S_o_j 4J*J i Jjh^ o j_oiI J j J . .11 Sj^ (j\ mo . 

Ji 4 uLLo (=.(_> (j I jl SjiLx, Jjj jl jJ>. ^>1 jl ia-L-J, 

.(o^^Lll LJj 4 II .0 Sji .1 ' > a. >ijL jx) Sj-SJI (J_C. Lo 4 jj 0 \ ^^j-oljJI j-uiA. \ \4_3>j jLLo 

S> s 

4 X 0 A11 (J-0-30 .Sj^JI (J-C. n\ 11 f-juJI O-i/N-l fcj^JI 0 \~\ dLlj J-3LJ 

(j-L <^LJI (_£^JLll J_u0_2i_0 <J^_^J1 ^)l_U J1 0 tl yL^Ll ^J_C. 4 liilA II 

_ * _ ■*’ % c 

4-inUJI 6^-flJI J-J jl) jI 4 _lSL ui'JI S^.flJI 6^J j!^_oj . j nW 11 t_uLJI 6L^uI (j I J_i-o 

j\ x \ \ (jl jj) \ <n \ \ II 6^^ 4u-o^j ^LiJ* j!^_a_i jAj^LJLj^ ^jl 4^LLL V * IJ0 ru 

.JJj ^-ol^JI pL«i ^ll^l > (J_c. 

Watts, R. G., and A. T. Bahill. Keep Your Eye on the Ball. New York: W. H. 
Freeman, 1990, p. 75. 
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•LjucJI C- 


<LlA jJI Sjj^Lulo (^ 0) 


(J j mj-uJI jjjLuc 4uLfi t«SjKJI tJ-C- jIajaC. ^Jsl li» jlu cJ u_ij\AJI ujla <jl ^Cj 

S* S 

3 LLlo * jC 1 fl*\CjvtJ I_i_5 JJ j-LU*. 4_Sj J-il I SjAJ I 4^ jU*. jc. jJ JJ20LJ j jSjrL^sJ» I 

j-C tljJJj j-Q_3tJj .4_^jill j -0 ^1,-lfll 0 jc. J_ijj 4 _LiC_ 1 (4_^LUl (j l jrLo YV) 4_cLjjJI 

^j'.dI ^jSj jAj t4 _j_iI_jJI (3 4u*.jJ 0 ♦ ♦ Lkjl-i 0 o 4ujlj 4c .juju 4_tulj j-iJ-i jl Pjll 

£ ç. ^ 

jc. SjLJ 1 jIKo £J3jLi j 1 g-j-oll jAo_i j L^l1 4 x 11 L i . 4 x iuu j-Jl_iJ jAo_i Lo-o j-LifLi 
juijLuiJI jA X JJ .( ijvAiLi ^jJa_ucu SjKJI J-&1 nu Çu^ 1 tSjill f.Lol jJ-~il.ll j_ljla 

.LLu^.1 j-o'JI 1 J-4> jj I a 0 i ^_£_il_i jj-S J—3t_> 


Watts, R. G., and A. T. Bahill. Keep Your Eye on the Ball. New York: W. H. 
Freeman, 1990, pp. 153-168. 


Jj)vumll 5o j-u2li oj^-aXl (N l) 


j-o 4Cj-i_ucJI dJjj 4 i uL II i__ijL lA-oJJ 4.1Hj-n-i1 I CjLujLcJI j^JAj > iljnJI 

JJJ_J SjKJI t_J j-AJ O L X II 4c.jUjJl j-J-O -1 (_^JJI 1 --J JlAll j-C j_ucjil jl ji'lojJ J1 
ju 2 i_s'JI jl 0*\ i*Jl 4_Lfl_i -i'iC uli-i_ 2 i-J 4 _iLLLujI j_uAfll_fl . ^ I jJc-uc'J 1 j^J-O jllo -ilC IJJ JJO 
.lu-ijcJ 1 (g K i__ijLucil 4_K j^jo j_o i_q.lA.ll ^jl^ LlA il ^_clj (jJJI t4-flLLi.ll 

J-IXOjl*Jl jo ^j_i_ucil i_)j%Aoil jjK_i t Jl LoTii 1 jAt-uJl Cjli v- 1 jLALI J[ 4_i_du_JLi 

t^ i nW 11 t j jvAiLi 4ujl_fl_o 4_ij jAil SjKJJ 4__iJL_3 lJI dilcj_i_JI ju-o-i LLiJ_fl j<cjcl 4_fl_Lxo 

uJii jLi jjujLuc.ll jLfll _lflj .jA_i_flil 4 _ic».Ij jAI 4 u^.j_Li 4JjLq jjKu 4_fl_ldil fci-flij 
jibj tjA I Sjfl-i 4 i l~vl jJI uLo jll < j jvc jo (j *i\ o i ^j-iu.ojJ'Jl jo 4_Cj_i_ucil (_jjLucil 

^ S ç. ^ ç. 

i IJ 1 i . \ 4_iL ^JLaJI \jA-' Lo^ 1 i n 1, t olj_<Lll & j_& j| ^ ' ' Lo 


Watts, R. G., and A. T. Bahill. Keep Your Eye on the Ball. New York: W. H. 
Freeman, 1990, pp. 124-125. 
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pLU Oaj j" aViii ( W) 

I>1 I >J).L J jy£- jnfl \ \ 11 J X -s \ jl jjjrLo j_o£- jAc plil Ja. X jLuu j_o 

I_A 1 ni \ tii (JJJ lil_iI 4> J 1 (Tin n)I jl J -s 1x0 4.JLa Ljjfl jz-^i /7i11 jjjJ J 1 4-llOj 


SjLc. (_^jJI tñL-t-ujjJ_ l^J 1 JaJLtijJI 4-la-ml jj ^ljJj 4_jcl_kJI (_£jilll 6 Jj5>j .4_3lJLj 4_0_Jllo 

.f-LLI Cikl J-&J Pjll 4-^.ljJ j,l J[ ilxalo jjkj Lo 


l-ujJI 4 tn\ ^ Js. (j-o (^A) 

j tS ■ i j 11 -> 1 1 Q . 4 -uajJ, I cJjJ J \ Q (( I /n ^ \ l^ )) d \ 1 Q > 7 t 1 1 j l Q 11 1 ^ ç . , \ \ 11 4 j^. I -s_ 1 \ tS \ /ii \ I 

. . . . ■£ 
li 'lj'jj- 1 " (j-° ljr“^" li -UuiJI jJUJ J^. J^L (jj\j çj±j 

t4 ts\ \ LI jii h> x Jl i__aC.'J jjLjlj LoAii ^La'II jljjjJI j)- 0 kj-tu-3 j Ij 0 o tlLlii jj^_3 jLjjlLI 

£_j j-uuj i__iC.'U I ^_j_kj_LUj j . (_£ j 1 jJ I ^ljJ I 4_-s_ il Lji j Ij-o 4_j j I jJ I 4X.j-uJ I 4_~sA_o j j^_i 

jl .jujljAo (JA_^_^_lL 1 (J-C. kLfljUI £_o tjj j5LJI 4 \ x i Aij ^_JI cjJ j-n- i 11 ^jjjk jc. o'a^l 

jLC-ljU I (_£juU £_Sj > ^ jC. f 1 ' 11 ^ 11 (Jj^- 4111 £_Q jljj Jj PjjJI (jU-kjlJI ^ ) LA /ii) 

/ 11 -s 11 <_ < \-v UUJ-UJ tU L-s.ll 6iAA (_§ • y n i -s 11 jt^jJLJ t 1 > JJllu'J 1 J\^ ^jj^.'JI ^JjUlj 4 _ujIj JJ^ 

1 o-s.^11 (_£jljJ1 ^*jJ1 4 --sTlq J-C. pl_5_iU UlLs (_£Jj-o_3l11 ^-upjJI jc. J_lLI (jjjk j£. 
.^-^.jLk. ^jc. (_^l (JU y _L3i_l Ijkj tjtjjljTu'Il 6 LCd lj 4_o-LflJJ UiLo-o juljjjJl j-o 


4--S.L0 




jU t j j 1 juij I jAo IJ j-*-i ^J 4_j JIjJ I 4x. jsuJ I 4_-sTloj j I jJ I ^*jJ I 

JJ jjJ-oLslILI jJjj_-s_L1 jjj*. (jujj-urLfl.ll jLoj_3Lll (_^jLluj JX. J| 6JjC. j!^-oj IJj5> 

. Loj5sJA_J_ 3LJ j£JJ j-O jUjJ_U^_flJI jLOjJlJI jl 4 0 \ fl -s.j 


Frohlich, C. “Do Springboard Divers Violate Angular Momentum 
Conservation?” American Journal of Physics 47(1979): 583-592. 
Repr., A. Armenti Jr., ed., The Physics of Sports, vol. 1. New York: 
American Institute ofPhysics, 1992, pp. 311-320. 

_ “The Physics of Somersaulting and Twisting. ” Scientific American 

259 (1980): 155-164. 
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g-ljj.iQ.il i__ul 


hhflll Jla. (\\) 


jjfl i CjIjtLs J_C ^-xilig jjju_-Li j_Q 6 Jj^.Lq Çj LU. fl.il ^mu <jc SjLjC 4.lli1 I CjLqj_lujJI 
^l _\~*.jj ^ . 4-Uj).iA pLljI J-JLl 4-XJ LTLq £_uLi 1j_q 4_ijLqj ^t-ub jj j_4j 4 4_ljLj Y * j \ j-^Ai 
(jl jj^ (^l Jj^ (JLu^ll ^jljJl f^-jJI <jLs 1^1 i-U^II J-£ j^jj 4j^jU. ^.jjs- 
lj-0-^ (jj^ J' JJ^> C^l Jj^* Ç^jljJI f^-jll ‘J^ljJI J .-UjiLmJI JljU lijLj JUj 

w H p H $ ç. 

• 4_uljjJ 4 ^jj^. (g\ (jj>4 4-Ul ni \ s UiQ jjj 1-Lfl.ll (jl jl 



i (j\ Q <j-Q i LJIjj 4_fl_u2i jj 1—L.fl.11 J J~Lv.0-il1 JJ jJ^ <jc -U-fl-11 ijJj 1 in ^ (j Q \ <j^_oj 

^-2»_u3J (_^jll J-& 1-Lfl.ll l ^_oLa'Jl l__LuCjJI <jl iCjLqj_ujjJ 1 j\JJ . ^ Q 1 ~*. u-S-u^jj ^_qLqI 

(JjJ-UC-flJI ^jLjJl (_|jl-flj Jj^.1 (j-Q (jGj_qLq'J I 4-tLojlj *1 jI -U-flJI u-A ^ (IM <jl J-3LJ . I 4 3t I jlj 
j\_ l Lfl. l-s-11 4 _LLqjI_£ kmn ‘LjLi 4 ^_qLq^!1 u_S-u3jJLj ^cLjJI JjJ-JI (j_\ /ii^-k II jj-'h 11 Jjj^. 


YA * 










Jjjj dilj J-3LJ .(g± /n^k II Jjpj. I ^-fl.l'N.ll t_JL lTIiLI (£jj) l^flll Sjljj L_SJ^_) 


S? ur 


C— Lucjll jljj^ J-o i4j2fc.jJ \A* (j£. (Jij ^JjljJ ^-oLo^ll 


JaiJl 


.jU ^.j J^l 4_sj Ij j'-C. 6 L~s_ I 

i '^ jjj (jjjJo jc Jn x"\ jl J.'N-O.II ^j^jLlj <^_qLq'JI t_j_udll ^_u 2 ij ^ ^ is\ \ j| Lq 

(j'JI •(.J^'JI 4 _L^jJJ (j 1—Q_Q (J^l i.0. >. 11 j_C i jGl LQ Lq*J 1 j\_£l^JI l^i JUX \>J JA- i-6.L~L-]l (juSjiaJI 

jLi j-Q . 'J.iLg u_aJ^JI (_^| ^_qLq'JI u_LucJJI jlj^j^ £-q t^_o.L~ n- 11 u_LucjJI jlj^^ 01 ^.> 
l (j X ^_LJ»_UCJ l-^-AJ (JjJJI 4_OJ J_3ull J^J^-ClI I j^j tJ-li-J jl (J-iJJJ jUJI jljj jJI 

JjS 


Essen, H. “The Cat Landing on Its Feet Revisited, or Angular Momentum 
Conser\'ation and Torgue-Free Rotations of Non- rigid Mechanical 
Systems. ” American Journal of Physics 49 (1981): 756-758. 
Fredrickson, J. E. “The Tailless Cat in FreeFall.” Physics Teacher 27 (1989): 
620-621. 

Kane, T., and M. P. Scher. “A Dynamical Explanation of the Falling Cat 
Phenomenon. ” International Journal of Solids Structure 5 (1969): 663. 


el iA a II jljj a £( V ♦) 


cjI"*I t ho IJ jnU. 11 i 'C-N jLi Li t p' 11 Si Ij .i'' .. >C ^ 11 

jj uaidl j-o Ijjf J ma. II jlfLcsj jl Jj Sl idJj £_oj ■ &jh U \ jj-_ a ^l Jjo- jljjJI 
4_u*_uij)) w" \ jl Pjfl ^ ' U." ■"' j . j\_al_ujJI 4^jo- J| 4 ) mj II 4^jo- jljf j-C. iSljl 
JoJ jus «jj^jjJI JJ4JI) jl i4_uoLoS!I 4 'la mJ I jyuo Jjo- jljjJI Jo-I j-o «joj^JiJI 

-<—*JJI JJ^- 2 j'j-9-JI 


Frohiich, C. “Do Springboard Divers Violate Angular Momentum 
Conser\'ation?” American Journal of Physics 47 (1979): 583-592. 
Repr., A. Armenti Jr., ed., The Physics of Sports, vol. f. New York: 
American Institute ofPhysics, 1992, pp. 311-320. 

_ “The Physics of Somersaulting and Twisting.” Scientific American 

259 (1980): 155-164. 
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pljj-VflJI L_ul C- 


fcjljfcaJI jjJLuill (v\) 

4 L> \^ j_x /Tu (jl JxS ;iC j^jLc. j) 3 ^j Sj^JI jj'J ’3^ « > 1 JK^-II 

jj_Q J 1 0 ~\ a*JI (J Oj)-urJI 4j^j_q 4j3j x"\ jjllI ^ jJ I CvS^Jl i_ il n\~*. I vvUcv \ ! 4 _j j\^J1_j ^t_ll j J_JI 

i 4_jj llJ I J ^.ci i__kJ 1 N Jl_çiL.i*J 1 4 x. jj j 4 ^ 1 ji I Y £_Lj 4_i LuA I jj I ;i_i I ^y> J 

j 3 _ 3 L-uJI)) ^njj £>t_Ll J[ ‘—(jl ^ (j-ul /n~fc.jll jj^-J .4 _xjIj * , * ♦ ♦ Y 6 jlj-fl-Q jU^-LaJI 3 
JLuciill (j-Qj Lq Sjlx. .4 _j_iLj J_^ Y * j j\_) J-t^) 1 ^/L^Ij i_q.v-u\> Lq 3 A 3 <((4_j 

_ii Sj^JI (jl ((j-3t->>) 4 _j^nAJU jj->-luJI ^Tvj IjJ t4_uLj J_^s ^ * j_q (Jil «_aJj-'N-ll Sj^-i 

.i_Jj%Al»l cj^jLc. 


iil'»JI ^JjUJ ^UUI ^SjJI (VV) 

4-C. jrjLi (j_Q 4 jLLL) (jLJjl 3 --N-VI ^ ^-Lll (JjJJ LLjJ). V& J. vL~N. 1I (J-C gJjjJJ (J~N nll.l ^g_U L VO. 11 ^i^J I 
JjJ (j_Q ^JjjJI (_£ 3 _u^C. ^IjJJLluI 4_a^_qj gjjlll Jij Jp1j_^JI j-\_C. (J_fl_uj*J 4 j J_ lfc.ll Ja^JLuJl 
4 _q-n CjLcjvu ^<v j! nn*SL jjLLvll (3 ^ > -'N-(J^. (3 (jj^-^-lji-L 1 34 J-U 1 J .4_vsl_uc| 63 S JLj 

!4j J iJ--N.ua (J-C. -Lj^ll pLjjI 


«l^iJjlll L^jI (fcLa^ jyajl» (VV) 


jU lj| . (( (J-C.'iLl )) (J— TN— L I 6 L-Njjl 1 Sl jL~N__QJ J / 11 ~N 11 J^^J (jl (^g-XJJJ 4^vJjjJ»l (J| 4j_LUjJIj 
Jjfcji^. Ij|j . jj-^fc- vll Jc. LjJj_aC. ((Jc.il)) 6 L~N_ >j| 1 l»jc (jLi 4 «jJ 1*1“) ~fc.il 1 ^fcjJC. fcj. V L-fc. 11 

(J Li 4 J-'N V~N- \ LJa^J^-O 3^ Lul 4_3LQ lJ 1*^1 ~N.il 1 ^VJ JC. _\ \ 1 ~N. Jc. (JjJJ J^J I 4 J I ^tJjj-L 1 (J Q j) I 

3JI (J S-LO-vll gJjlll JjUfc. 1 jl^ . J J-~N- vL I Jc. Ljfcj3-aC. (J3^J_UJ J-V V-N-Ll j)3^ /11 11 £_uc3-° 


. 4j_Q _li C.V-NJ (j_Q CjUfciljJI (jJjjJ-Uli U_UCJJ_Q ( 3 1 /^OjJJI 

4^3 Jj ^Uill JJfcl (J ^tJjjJfcl i__vC. ^uuj 44 c 3 «-uJI S_iUjj ^U^Jl ol 3 GL SjUj £-q 3 

.j-LjJI 4j (jl ' T fcV>\i ^ 


Bartlett, A. A., and P. G. Hewitt. “Why the Ski Instructor Says, ‘Lean 
Forward!”’ Physics Teacher 25 (1987): 28-31. 
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4_caL)jJI 


tljjl jJaaoII jldxLuj^l (V£) 

jl_\ 0 o ) i4lLi_i gjjpjl jLiu-o j I I L^_lS j\ X ) ) toj\ X tS *I 4 0 lalo JUj ^cJjlLl jl (ja jrLsl 

j--v)J (jcaj*Jl gtJjlLI j jl x ) JUJ 4 ((4 0 ) mlI Sji-flJl)) t iJ 1 /1)1 jjJ .dilj J--\-) j I C)La.jJ 

CjIj-Q 5l-\C (JjLxj (jcaj*Jl_) ^ljia-ua'JI JjX. 4_lsLuj J-C. 4jJj_oC. Sji_) J X /?u /II j c4_j_)Lj i_S- ua.) 

.4jLjj (J_C. jljl jl 1 ^ i^) 6J-£) 6jr\-)5LlI ^ljJa-ua'JI Sji j .4j jj jji 
6 j-\IjL)_o gjjlil jljj| 4JjL-s_o jjjia jyC. Jaj))11 6ji _/GLj j_o j ) /t 1 11 ji_flJI JJi-J 
jyC. (jGji.'JjJI £-&J J-) jh> j-3t_S .jJ-a_LoJJ j Ij_o jfr.-s.) (J_Cj 1 j 1 J-~n-~) 1 jj^JI pj-aJI 4_)I_L) dic. 
(3 ^tJ jlLI JJUA ‘Ijl^vl ja^*Jl P j-'N-ll (Jj_uajJI (JxS 4 -s \ v. </all 4 -sLu-lLI J_c. ^JjJI 

Sji_) Ij I J-'G) I jjl'J I P j-aJ I 4 _uj_q v J_o Ll) jSu (£jj -S j-~v-) J-C (j Lla.'JjJ 1 ^uJalu-U j 4 Jaji-uJ I 


6jlj| I x )) jl 1 )1 gJjlil (J_C. 4(JLaJI 4 x ) )1^>) . Ja j)) 11 _ilc. j-v.lv ) jJLual ^JjJa-ual 

Ol^-o JK^-) (J^- Lo-fr> Lau-^_) jl Ja.1 j-Q bj\x </a 4_) j Ij j-\_c. (Ji-tulLJ 4 )“\ -Tjj (3jLa 

Hignell, R., and C. Terry. “Why Do Downhill Racers Prejump?” Physics 
Teacher 23 (1985): 487-488. 

Swinson, D. B. “Physics and Skiing. ” Physics Teacher 30 (1992): 458-463. 


4a.lj_JI /n 1 j J (J_C. JaJLuaJlj j_L*JI j-o JU _\ n i -s 11 4Ija. (J-)_uaLiI ^Luailxul 


^-flJa_)_o _) ji_) j-3 _\fl ) (JaC. (J j La_ixu IJJ .6jvU 4a.j _L) 


4-jLclC. 


o' 




(J 4 J 1 L 0 I 0 4 ^^ ^lj » ,7,~,„~ jvSLxuJI j l (_/caIjrLsL) tU Jj 4 4 ) <nLxu*J 1 (J_o 1j_3»JL) Ja-il-s-) 

ja.1 j)_o (Jsl (J-Ls-o_) jHj^hT) 1 11 4a.lj_JI i__)llj ^-sLxu jl £_ijU jl Lll) (jGJLaJI Llis 

(J-C.'J j_L-ll 1 jal \j 4(Ji_4.ul j (J^C.'J (jLiLxJl Ij-'n-I) 4j_LaJI 3*11. . ^L^-i-iC. 4il_uiil ^Ja-S 

(jvsLxuJI j>U 4(_£jj-o-3tJI jjJa-iil (j-o ll)Ll £\CaJI (JJa_) 44a.ljjJI u_j j (J'H j>U .(Jfl-xulj 

j# ç. jj ifi^_ ^ p p 

'JJLci Ji-)-) (jl ^l_L*Jl J_C. t(jj| .pl_L3iJI (jiLuJ 4lj-a. L)jl_)I (^l Ji-ujlj (jllj-ail 

!HLojJsl Cxia. _li Lfl) .LuJj_aC. 4_C._La. Ijau lisl_ua| 

P o^.^ifi 5 

u_Sj_3t_) jJj ) 4<iQ II ^LlajJI (jl_) Lilj£i) j_L3lJ1 pLx) 1 (jLisLua'Jl 6jlj-aJlj jj x \ 11 
j_uala_o J_uajl 4 j\ /n^sSll oLUalo (juLii J*Jl j-oj . j_rUl jA p|_) jxflJl (jolji 
jLoji^ JU 'Jj^jlU YT- j--s-) ^-1 1 ) 4-il_IaJI C)la>l l-vl jl J| i_ ujJjJI LiajJ jjuxlS 


T'AT' 



-Ljnlflll l-uLx 


4 J 3 LUII ÇjU*J w~*J jl j t ( 'J_Uj N "\ * jfr.~s.i^ jj jaj V * * 4jjj < J'~'~^ "* cil. 4.wiu IL> 

.4j^.IjlaJ1 i__jj^j 4JU. 3 U"U^ I 

DiLavore, P. “Why Is It Easier to Ride a Bicycle than to Run the Same 
Distance?” Physics Teacher 19 (1981): 194. 


j^iaji oijyji (n) 

&Ujl Jjj^jll Ç-lj^Jl ^J_C 4-jj^. [ 1-s. \ ji.tu'Jl £_3 Jj Jjii-Q jjLU JUs IjJb i_)1J-jU 1 

L^jUoj t4_)^5-Q J_c (_£j^».'JI jjj-ikll cjI IjIj . 4 J1 J-C-Lu^ LuIjj^ IjLu 3 LU \ 
6 J~*.j .4 _ÇlL~s-q Lfl m0 \ pl_Ui| J_C. LbJC.Lt.uj SjcLucJI CjIjLjjJI cJJj 6JLlLuj'JI 

.6Jjb JcLucJl jLjJI 4.J j-Q J'JJLLujI jC j-~N-JI Wil (_^jJI J-& 4_0 J 0 11 (3 JJ^J-LI jjLLsJI 

3 (j!jA-UJI 4 .j5LqJ IJjLU (jJj\nCJ 4_txLQjL. J_Q j jUL 1 ( )jsjjJI (JI CJ^- CJL1 tn~s l1 ‘ Q Cl\ vj 

.4jLLL V * jfr-~s.ii Jjj-.dl jjLUJI j_Q J-3LJI 4_sl_txJs (J tn \ 11 1 jjb 


JjLSji ^KaJi jj^ui (rv) 
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j_Q 4_5 _lSj 4-CL li-~i J_Cl-~N-> JJ Lo_2i_LtJj'J I J "*■ jj_Q ^51 (jIljJI C.L~S_*\ j_Q ^ J-^—l j. 

JjLjLJ Lq P-LLl (j-Q Jllil jLiJI J-Q_2»-J_UJ J . (^ljJ^jJj^ i__LuCj) C^Jj (JJ^J (jjj p Ul 
JjlCj Jjjj Loj tpLLl (3 Cjlj-° 6JC l_£jjj JjLjlj Lq J-q ^"un 1 } 4_Jj_i1I 4jLj jJI LqI !4jjj 

^jU Çjl XjjJI fcjibj . j jJlj jl J! jfr.~s.ill Ijib J-C plijJI jJ-l~s.1 4_u^j_3L-q j j*\**\ tn<3 ^LLI 
tSj\Jl_ucJI CjI j-vti ~s II 4JU (3 4jl X 11 6J\j^ jj^-J (jjJl t^u^-^Jl Jl^ ^uU-u-Jl 4 \ tn*l 4_~s. ll \ 

. 6ja_i5LJ 1 Cj lj 1 jj-^J 1 4J U». (3 4j 1x 11 6j\ x t<nj 
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i4jU_uC_xJ L~ ^uCj_3lJI ^_U-fl_Ll 4 aUxlq £_q Ujj-U 1 _wnU jj j 1j. l~s_ 1 l UbjJjJ ^jJI 6j_i-flJI 

t4j j 1111 I I ^j^j*J1 ^J_C »(jljfri-~s-ll ^-U~s-11 j^_~s_~s_lI L iÇ iL^ ^--Q Cjj-U 1 _\ tnU jj 4jjJ3 

UjjJa 1 _ \ tnUjj 4 t t\L Ul-q Sjj 3 (j-^3 ^lj^Jl 4 _qjL5_q ^J_C 1 _J-X, \11 Jj^J (j-Q 4 jjJ_U_q SjJ-flJI 

tF a ir ^ L^V^ jLi 4..ilc pUjj .V 4jcjvo ^jj-o £-03 o'jfri-^-ll ^ucj_xJI ^Ua 11 4 ^.Uu_q £_q 
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SjiU 4_)jLiubo SjJjJJ SjflJI j x ^ \j .P air = F^\yV oc V ^ j j5L> plj^JI 4_oj 1 _£lq Sji j 

.L jfl. 4 I Q~ JII^ jjlj "y 4x. jujJI (jl PjJJ cJjlAj t4_i jJJ^Jsl 
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i x /nLxLi ^jLll <4jjjLOI j 4j 3LLi j j\ x \11 j4 3» -oj 4JjL5_o plj^JI 4 _oj 1_£lo_i j-c^LkJI 

4il_U j jJljJI (j4-3»-a jLi LJ tL^ £-o LjJjJa i_wnLVu ?M jl .TYIÇJV £_o LjJjJo 
jl ji-u^Jl CjLJjjjJI ^jJUxu 14 j .V oc 1/1 jl j.-s.*> jJlj .L^V (_£jLujj ^-u^jJl 

.Lo^s jO*Jl CjLjI jj_2fcJI (j_o jOI 4x. j_uj IJj a j/^i j_i_xj 


*oU$KJI J£ J ^UaJI oul^ (n) 

tni11 4-fcCl Jj'JI Sj-Lll 6jJ-5 (Jj_3»_oj Jjjj jl ^g-Xjjj 4JLLJI CiLdkLo jl pjll ^i jjj _Ls 

j-Q^J (jl (jj| jj j! . £ j V Sj-flJl (J| 4_Cjfl J-O 'i-tXuOl 4-LcS Lj_S_U_3LJ 4-JJJj-N-J l ^ljLjjJI jO 

J^jjJilL plijJI jjx. . u\~\ 11 (Jj^.1j 4jj.LLJ. 1 Jjljll L^j ^jjj (_^JJI 4-i.fl.i5LH (j j\ mfl \ 11 

Sj-flj (J-0-3LJ I J Q II J-3LJfcJ 4 jj-0_JI 4jIJ-3L- U J (_£jj4-ll JL^-J.11 (jijlj\I) jLi t4jJljJl 43U1II 

. ^k./ m 11 g-L^fc.il Jl^ ^jJI Ji-uo jjJ 4j jlkil SjIjjlII Sj-flJl (jc. lAj jj 

jjflJJ (jl t—i'N-i tjjlOl m~y. pljO (j-o pj=* J^ (J[ Jj-cc^jjJI ^LLsj J-u^J 

. 4_Lo5i L) Ç' ' 1 1 '* v 1 1 U_oj 4jjuj^ 4^j_tlu 4j_Ju I 4ij_uj (JI 
.oLjKJI (J 4\iC ^-j_~s-ll L^J 1 (j K 4*\ A-uuJI 64^-1 4 jjL^- i 11 ^jiO (Y^ 

Jj_u2ijjJ 4jjLLJ.I 4iU-JI J*J1 J-~n- 11 J| JJ-flj 4^j_uJl 64-4) J^j-u\i jj-Lj. 1I ^li ( V) 
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(J ^4j-qjJI U-4) ^jjj 64j4-3lJI (_^jj^.'JI 4 L /nljJl Sj-flJI (jolji j-o 4j4_3lJI cJLliij 
6.j^JI ujIjIjuOI 4JU j P(_gJ=^-Jl (jnO i \ 11 jlji (j-C. t(_£jj^j!l 4 jj*.jJjjjJI (J^jjLujIJI 
Sj-flJI (j^ 4-C. j^ j-o Jii^fc 11 4l*i\ 1 \ n i*\ C. I WI) Ljjj (jn Q \\ (JjJCO (j| (_£4jJ (_£4-ll t^-2i_OI 
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McMahon, T. “Size and Shape in Biology. ” Science 17 (1973): 1201-1204. 
West, G.; J. Brown; and B. Enquist, as reported by R. Pool. “Why Nature Loves 
Economies of Scale ."New Scientist (April 1997): 16. 
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*jauiii ojvAa ,j «ajoii 4»fl'11»(v'*) 

4.11LO L^_1q S Jj*-IJ J^j <(JUJjJl i ) jA -0 J_C «4jJIILq ^Lflj )) cij'J-J £_flljJI (J cJLiik 

4_ij\A-ll jj^ j <n t4_Jlj_ll gLfljJI 6J_4> j_Q Ll Sj^JI i__) j\AJ . i__a_LH_Q ^jlujjJ I_ 1 j_q (J_C. 

(JUJ i_) j\A-Q £UJ_uCJ (j-Q I j^_QJJ ^J iji'jl Jlj .4-flJjjj-ll l_)L /l)*JI (j-Q JiJ_3lJ SJJJ*. 

6 J-4) (J > ->k ) Lq-s j^*Jl cj jLAil Cul^ Cj|.3 <4jlj 2 _uc jll J Jj'J-jJI jLflill 4_xS £_q^jj 

.(jA a ) (j-Q l_$_uc_*u 4jjjj ^UjJI 

Sj5UI ^Ljjj . Jj'JI ^jIjIa'JI (j^l jjJI Sjiic. JjC. S Jj j.j_q Jj^II 4-Jlill 4 » 0 .\ 11 
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jLjj_ujj j t jjj_A V* j.-s_\ 6 jl J )0 q J Jjj JjC. 4 \ /dLjj'JI 4jjIjj_&'JI 4_oj_flJI jj5v_) <<_j j_AlL\ 

jj->■ 11 JjC. 4_C.Ls jj^u 3 <jjjA N ^ * j.-s-\ £_1 jj (Jj^ll (jiaI jjJI JJjJI .4j_fl_flljjJl 1 _£j1JJjj 

Jiui'Iu < 6 JQ »11 &J-gJ 6 jill ^Jajjj ju^j •jLjj'JI j^j-q (j_Q 'JjIj (J-C-'JI <<^j£jil 

.j-vc.'JJI <__sj_L j-Q jljlA'JI j\_\5Lll LslLj'JI 

IJ_& i >juoj ^jJI Sj5UI (jLi IjJ t^lj-L_u^'JI j^j-Q JjC. Sjjo.j-q 4jjLjJI 4jJLj_L1 4 » Q .\ 11 

.(jAuO-lI jlc. i__aLflj.il S 3 J (_^L\ i__iC.'JJ 1 j_»_cuj ^3 .*_jj\All jjJj jl (JjL^u jJ £_uqjll 
. jL jj'JI j^j-o j_fl_ujl (jLLua jj 3 _ 2 k_j 4_al_uj_Q j_c ^_flj 4 _jJLj_LI 4 » q \ll 6 j_4 >3 
i_jjA) ^jJI (jjjjjJ 1 Sj ^3 .(^u^a'JI jljjj'Jl (J-qL»_q 4_Ls_flj ^_q_ujj 4jJLjJI 4jJLj_LI 4 » q.\ 11 

i^.) \ nn /n 6 Jj J-iu-Ll jllj'JI .4 jjI Jjj'JI L^u^ju*. 4jal_lj j_Q j^'Jl j J-ClILj i-j-flj_-N- > ) Ajll Iji5> 

j _ s 

. JaI ^I J-Luu'VjI 1 )Q C 4^jjJ I 4J Lla (jj^vi /n 3 <^I J-Ll-uo'JI JjC. Sj^JJ 63 /m \ 11 j_Q Jj j-LI 

.(Jal Sjiu SJ 3 j-<.u_Q jLjj'JI (Jjl j *. (jgjjJ 1 i_jj-A_L ( 3 ^a'Jl jljjj'Jl (J_qL»_q SjLjj jjJ^ (j -°3 
Jl 4_aLo-ll J_c I ljjj_flj SJ~*-l 3 4_uc 13 J 4_aLuj_Q J_c (^-o.a'Jl jljjj'Jl J-qL»_q 4_1o_q.'\ £_qS 
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Brady, H. “Physics of a Tennis Racket." American Journal of Physics 47 
(1981): 816. 
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A-ojLEil J \lo" j |_\ \ >Im" ^£-3 *—4^“^ ul(J-P C)lj- 0 . ll l 

l_l ,(4Jlill (j Lojl A Y) 4-CiLilI (j Ijua Y 0 jc i uj_flj.lL) Jjjj (jjll CjLcj"'_u_!I J_c ^j^.l_fl_Q 

2 _ajjl J_c C)ljfllll jjjj LtA\l . ç\ mlLI Sj£JI Lg_£uJjj (jjll 4_Q3Liil jlJ_fl_Q i—Luo.') JjLau 
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ej Jj^. 1 j)_Q ^jk x jj 4 Çj 1 j-Cl JI (j_Q 4 u*.Lj_q 4_fl_JlLk_Q JoLojI ctJLliJi .^Jlj^JI ^alljJI 

. SjkJI 4 u^.Luj_q j)_Q ^JLIL V*\ ^j-Q ^ k x j j-v_Q->k CjU CjIj_H_i ^jjC-u\h 

Lq — Jsl 4_LljJb 4 _qj 1_£lq J*_flJL 4 u*.IjJ p! mlll j\£. (_Llj)-'sJ I CjIj^ jjl 

^pl^JI ^_sjJl SjLj cjIj-cl.iJI ^ojLlu'JI ^_^oJlJI j)Ls — J^kj-oJJ 1 JqLxq ^_iu 
JiLq.> Jl^ S^)!\JI ^ L jjj 4-jj u\ 's. j)l t. Q . J-O-llJI j)1^2_lll ^ J tS^^JI J-C- 

4-j^ilI 4 _j^-_ kJI jjLi jj_Q J^J t^j-o'JI U-&> CjC^j 4 iAo -s \ ll CjLc.^ f-uJI Jc S4 _q^Lq_LI 
IjrLoYO *) 4-cLmJ I J 'J_i_Q N *\ * UJIJ Q Q 4 -C.^sjj_j j^ku c_a_iJ)-'N-11 6 ^)^ Jxj^_j j)l 
Cuk Ijl^ .4-0.4_j_k^> 4_Q_i_L_i 4 _oJJLq j)^^_j pJ^JI J 4_0_kJJ 6 ^>^JJ . ^4-CLluJI J 
CiLoj-kJI j\_j k*Ilk.l _\^J 4_jI q j t4_ukLo_uO 4 _j_1^sJI 4_Q_i_kJI jj^^u tpl /<iIq fc^j^JI 
CjLq JJ 3 a.lI Js_iiJI j)_Q 4_0_kxQ Lsu_uq 4 S^)kJI jjC. ^jj Luj'J 1 Js_lJI J-u^- 0.1 i .4 _lC.^JJI 

J^u^^JJ Ç-J^JI Jc. ÇjJ)^ \ u-lQ 4I \<n% Sjl^JI ^Ja_uj jjk IJI J^J .JSlLJI &kul J S^^\_k 

Lq ^ 3 X 3 ^Lj-L-u^c JSjjJI j\-u^j .CjLuL l_ok_jJ CjLcUj jl jl_L 2 i_j jjl 4 -j_1~n-J 1 4-Q.uk J1 J 

_1j_iAJI P-I^^Jl j)U 4 dJJ-J 4_~s _l 1 >3 .^au*.jJJ (JjLuj^ -k'J-s.*JI j)_Q ^-\_k ^g-J-XJ 

JxkJI pL)(j 11 ^u*.jJl jj_Q ^>_l5 ^J_q J_C. ljjl-5 j)^^_j 4-j_l~s.ll 4_Q_ukJI ^^)lk JiSjlJJ 4 X.^sjjJI 
4-j_l~s-JI 4_Q.uk JI £u_kj_uu SjxLujII 6 CA <k Q J 3 .4_j_ l~s-JI 4_Q.uk J1 ^Jklj J^^^JJ 4x^■'-uJI 

JJi_i .4. u~s_ P > 1 Q ts\ 11 4_Q.uk J k 4 j^> 1_Q_q _1jI jJ-lI k » <k 11 J_uL jk I 4_SLuil j^-ulusuJI 4_j^k_uculI 

i _uk^. (3 k x <k II 4_uk-Q.~s-ul 1 4 _uq^ 3 _i 11 j^kk-LI LLc.ku 46 ^£_JLj Lkii^-o ^ojLu/JI j^SjjJI 

j)^^_j 4 dJL ^J_C 63 'Ic. .^_-s_M Q ts\ 11 j^SjjJJ 4Jku (3 Lq_q 1_^\u^ jJt-u^l j^SJuJI bksul 

(_£3_EJ1 (3 jjjJ^LJl ^Jx (jk ^u Cy*3 .4jlj Lo-k>*Jk Jsjlll QiL~s->I ( uk (3 k x <k 11 

4_qj 1 _Q_q jj 1 IL-& ^ j x j .1 j\ \ j^SjTitl J 1 <kl I I ( ukj j^S_jjJI 6 ksu I i uku j\j 

J^kuJI 
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4-0. u3j 4-0-ukl 4_uljj J uuk~s~\ ml SjkJI jk-oLuS . £_3 j 6j 5 Çj Ij-Clu 1 1 cij_l~s-j 

(Jljk 6j^_JI Jkj *J 4_jus_jl_Q_ucJI k_l~s-JI 4_Q_ukJl 4 ulLlC 4_sl_ui| . ■ ( / II ^N- J 

14-u_uuJ 1 ^kjJI _Luo ^jJu (_^UI 1 uksJI J lj^_J_Q 4_j_iu^JI 4_Q_ukJI J_u^-Q_u Jj ^Cj-S^JI 

^--q ^kjJl (JjkJ kj-k-uklI 4-j_l-s.ll 4-O.ukJI £uku_uu .u_sJj)-'sJI S^j^J (J-Q_uj^jl >—Lu~~uul 1 ^l 
j)^^u_uj 4 CilU 4_~s- j !\^ .4ujsul_Q_ukl k_l~s-ll 4-O.ukll j)_Q ^kku jkl 4u^.jJu 4_u_uuJ 1 ^kjJI 

.^-ij 6^5 cJk-A 
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Erlichson, II. “Measuring Projectile Range with Drag and Lift, with 
Particular Application to Golf." American Journal of Physics 51 
(1983): 357-362. 

MacDonald, W. M., and S. Hanzely. “The Physics ofthe Drive in Golf. ” Amer- 
ican Journal of Physics 59 (1991): 213-218. 
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5jjLJl LujjiuJU (\) 

i (3 ^ li^ J X ^ i ^-"Jl ijuuJj-ijj^ 5jJ3 4_2 *_i_i_i 6Jjjj ju^^l Luj j 0.11U J^Loj 
plll £_a,_L Jli\ SjjUJI ;>LjJl .4u^ju*. 6L>JiI j-uu J| u_a j--n-\ i JLo-mJI 4_i_ubj'ill Sj^-ll 
jl L jAj ‘^j-Lll JLo-uJl J-a Jlh LjjjiJU J^Lu jki 

^j^pjjlj IL& jc. gLLJI j^ x II .^_ij-iJI >_ijVrsJ 1 ^U-jl ^ ^j-LLiJl j£ L-i x -i pLLI JJLu 

pLLI j-q IjjL lU-ij-Cu LjUo ^.iLaJI CjL_q J| J-un .1 jLoX-l j-° JjLJI ?-LI 4 L <nl jj 
^jA-CL-S-l J JLo-gJI j-Q JjLll LjjJ-CLJ.1L jLu J^ju-l icJJ J J| 4_aLi| . J^.LuJl JI Jj-Q I J-C. 

.jLI J.-S-1 J-C. J^LuJI 6 L-q SjIj^- 4_^jJ 


^JaLuJI Jc. ^l^-ol (V) 


cJ LJU.'il 1 I_U-UU. 1 ,±.1 1 l 4 1-S A 6 L-Q J\£ dlJUu 4u^. J_Q JLJ ^_L LiuJ I (J_Q ( _Uj-Ll I P j-'N-l I 

J^ J-° £j-L LLJI J-° •_UjLl I P jjJ I tiljkL ^U J-QJ . L^ ^ku 4u^.jl I J-3LTV (J ^LlJ L 

4-q J, 0 a (j I cill j 4_^_i_u j j^uj . j-ox'il 1 6 Li I J Jj j.jl 1 p- jjJ I J-o LL-i I 4xjuu 4u^. j-q 
4_iJ-q_3lJI fcjjl (jl (_^j^ jl LAil (j£-<u . ^-LLAll A-Ll 4jjlj-Q jj^u j)l Jl^ J-lqj 4u*j_LI 
UjJij .j-~n- 1.11 Jklj Ju-cu ^jJij'Jl j_Q (jLuJ (jI -i-A okjil 4jaLL j_Lju J Jloli IjGL 
«.okjil ‘ iSx^ i (JsjSll jLJ» Sjl_=—jJI 4jjil jujd 


Bascom, W. Waves and Beaches: The Dynamics of the Ocean Surface. 
Garden City, N.Y.: Doubleday, Anchor Books, 1964, pp. 70-77. 
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&uiuaJt CjLu (£) 
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(_)jli£. fcLi-jl J(|£c. J 4-qj£j) J-C.*i!l J| 4_) (j^LkJI £_SjJl j)| <J_l11 ^Lsul J 

^j^LlJI 4 -ljJLsJI j^j_q iG _> 4 _L.djJJ JHJI J| Sjill £_q j- jn Ll) jjl j^-oj (icLxJI 


4_sLjj-IL 4l)iu 
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j\£l 4-C.j-oJJ dIjAJJ J) fl «tll (0) 


C\L^j-qj L^-oLol 4 _q J 0 q 4 j^.j_q dlj J Loj tl P LaT> 1 LL. Ij_qI ^-k-t 


4 \ \ Q ! 


4j^J_Q *i!| 4 \ \ Q AAJL 1 1 ^JL VI > *J t jj-JI 4£.J\U j\c . L^_JjJ^.J_Q _L1CJ L^JJ-lo J1 Jj_Q 1 J_C 4_ijl_uo| 
(J-Q j5v- > Ll4) .4 \ \ 0 /tx II j_L\ J J-Ll (JlL^.jJ. 1 ju J_UC_SLl |C.\. L~N-1 tSjaj^ 4 _^j_qj 4 _q J 0 q 
(jl Ajj j\^l 4 c jujj JjJa'JI ol^-jll J-Sau t 4 _SLi_q_ 3 lJ 1 fcLil J ‘L j^cl\ jl ^ 11 

1 ^ \ 1C- j j*\ \ /ii i 1 ^ \ 4_ud 1 1 1 j . \ \ 1 1 4x.j\u jjLU 4 ‘'ja ,nl l JjLl; c^j -(v - V^A/2tt 
4_ucLkJI 4JLLJI Ç>U-LLq £_£L\jS 4-kc_JI 6J-4> ^3 • LjLi jI 4_o_\Q 1 1 4_r*. j_q ^JjtLL-j jl 
.4_ij_3t_ucJI 6 _LiIjJ_q 4^j_s_q ^Lo'JJ _LcLl 1 j\ is-\ \j t jL J_C 4 .\,\ 0 m 1 Li 

Vogel, S. “Exposing Life’s Limits with Dimensionless Numbers. ”Physics To- 
day 51 (1998): 22-27. 
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j| iSjlj^JU ^(_^\4j -LqIL^_q j^j'JIj .(juLuj^lL 4 _\_uLjI SjLi 4_\_\ijLaJ 1 4 _\_\_LjJJI SjlUI 
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pl_\j_LflJI -s. C. 
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u jl 4_jl_<iu j-o 4 0 ^aLxJl ^ J 01 j 
.ji^l 4 j^jJj 1_u^x£lLJLq k x is 


AjJlLjJsI 
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— N^VV (j-oLc. «t-j'Jjl^-uj)) 4.i5Lij-o'J 1 pLAq.1I 4_Lj^_q jlo (J_c j-q"J 1 Ijj> Jj_-s_) 
j|j t4jjjL^JI i_)Lc. <3 (J_a_flJL jjrAj (jl 4_3 LlQ_uJI ^j_Lj_uu t4_3tjl_uJI CjL fljupjjJJ Ls'JA.j 

.piaJJ (JjJfcluJ Cul^ 

jji ^_s I jJl plj_^JLi :^jlj^JI (J_Q_2iJI (_11 u\ \ (jljL^.'Jl 4_3 lj_uJI (J-u^Ijj tjJij'Jl (J-c. 

i i-s. u (3 1 JJ-u ij i Lq jAj t(6Ljl 4iL£ J_u)'Jl plj^JI 4 L ml jj (J-C.'J £-3Jj) ^-fljjj 4_3 L-q_uJI 

JcLujJI (J_Q-~fc-l I jLj . JA /n^sSlL L&JjjjJ jl_3U ^J (j-OJ t 4_3t_Q_uJ 1 ^Li JjC. plj_^Jl j-Q JjJ-LI 

Jj*.jj jjjJI ^ 1 J_3L_i I 4JLfc. (3 . 1 —SjJLLI 4 1*\ u) jAjj (Çi.i.-s-) 4_3 L-q_uJI 1 _j^J 4 J1 Lj it )I I_) i <II i 

(3 J^i-S (J1jrLa.'J 1 (±) J-fc UUJ . Lu jii (JlcJ I JJ^ UJ 1 111 (j J^J_U) I jJ i (_£ J IjJ*. (j-o^- 
(Ji-u'J 4 _LjL^JI sjvlujil JjijJI Sj.-fc.il 4jJ ^illj (_£jJI 2 _Aj11 (3 t4_fljJj Sjjj£ 4_flj_L 
LliJl .^JL (J^-uU (jl jrL^.'Jl J J_3L-Q (j_Q jiflj J-liJ I 1 jc> . J^.ljJJ 4_-fc_l_LI jClIlLl (J\ -fc Ui^jL 
6 j-4> CjuuJ (jU .Jij-Q.ll (J\ -fc m < s'Jl (j_Q Jjjll J-SJJ 4jjlj_t6 CjIjLjJ Jj JJ 4j| jrA_ij 

jjL (^^ plj^JI jjjJj (J_c ^jljLI (J-O-Sj (Çi \~*. tpLAo.ll ijJ j^-q (jLo (J-c SJL^JI ^jJi 

5 " Ç. 

(Jjr\ -fc j / I) pLlAoJI jJj^_o (jj-Q (J_C IjJ .SjLiQ.ll Sj-O^ (3 SJJJfc.jll 4jJjjr\^J'Jl Sj(j ~*.*J1 

. ^ J-OJI (J J-3LOJ 4_3LQ_uJ I 


^fcjLLJI pl^LflJI J pUI Jx (1) 

5 ! S p H *> p 

^li <3 (jA ulLI pLLI (j'J-s .^jlj_^JI (_J-Q_—fc.11 (jjjL (jc. pLLI j -». uu Lq SjLc tjAj'Jl (J-c 
pLLI 4-L-uq (_J_—•>_ij (J^c.'-ll (_i| ^ljj j^-s 14iLis jj^l (j)j^u (Sjlj-fc-ll jj_u~io t__iji) Sj^ill 



•Lijicll 


6J.& (_£jlj_^JI J-oj^JI O JLjJ _5 .I.VW ^ £_fl_ijj j ~s tn\ t J-fl-m*JJ laj ^-1 (_£jJl tJjLJl 

.JLxj i j_c jjUI ç-LlLi ^_sljJl pLLI J^.L'N-i 

^LJl jlj^JI jjl (J-C-j ^lj-*-jl 4JL* (3 (_£jlju^. J-ou^. CjIjLJ JajJ 

& $ P M 

j ^ tt\s jJ-S t. _xJ-fl-i Sljl ^l J^fc*i nil ^u_i 4_j|j t4jLxil <\\ uii 4_sjlj_2fc. 4_jJ_upj-o 4 J 4_i*J x 11 

.pLLI (3 4J_i_Ls_j 4_iLxC. ^^jJij t J_Lu2jjJI ,jjj-L jc jM ^J-C.'JLi Jj^jil pLLl 


iS-aftt Jl (V) 

» p ✓ -9 p p p 

(3 jJij'JI jj^J (jv^- jl 4_jl i^O 11 4 _i^j_qJ 1 (J_uC_9'Jl j_Q 4_j| 4jjl_fl_LI J-i-xS j-Q 

J^Jj (j£_Q-Q (_£j_Q J- 3 LjI 4_J^jil J_L£CO tjjjj »JXLO-fctJI Li>jlj_Q J £-UCj_Q l__J jJ I 

JCj_Q jl M^.Li-3 . (J^~l 1-jv^fc-l I 4_Ls_fl_i (3 (j^j'JI uJ^J^ jj^-J LA^ (_^ I ‘4 .Ull Q ni.ll 4_CJ_Q_2fc_il 

4_CJA^JI (3 LgJ 4_CJ^_L) jfc^aLi jtCj^ll cJj-2fc_J_l (JU^. t(jJ Lll j_Q cJLJI J--fc-l^ j^O_l_uO_2fcJ I 
. jcCj'JJ 4_ijl J.LI 4X. ju-Jl j_Q 4_'i5Lq_o 4_s_S J (_£jjl (J-C J n\ t4 .wn q ni II 


djxLluoJI jLc-S^JI Jx plj-gJI 4 -ojLLq juLj (A) 

jlijil Jl^ 4 -Lau-JLu 1^-cLi-ucJI j_QjJI 4 xj_u (j_Q iJ-ijJ jl P-1j-$J1 4 _qjLH_q ^ 1 JaJ. jjj. \ tl_uJ_i-Q 

‘E = —GMfyi/2.T ^_4> 7Yi 4_Li5fc (_^j ^cLLuc j-o-flJ 4 _JLc^)! 1 4-iLLi.ll jj^i t^jjljJI 
t^2 j_Qj ,—E ^_4> 4^j.-sJI 4_il_Li Lo.il i t2.E ^-ucjJI 4_il_Li .jlfciLl j-Ll^ t_JLuVi 'T oi~v 

((J0 0-i» u_S j_uj t(_^jJvJI u-SLLiJI 4_ojl_i_Q uidii «6Jji-fl-Ll)) 4_iLLi.il j_Q 6J^j J5^ (JjIILq 
4.*i 5L1 t (J-fl-t.u'JJ ^^JjjJu*. J.^fc -1 (JfcC. JJ J_) Lciil) £_uCjJI 4 jLLi j_Q jUfci^J ^cLl-ucJI j_Q-flJ I 
'Ju j_q*i c 11*1 jl j5Loj 4 v!q> J1 6J_4> j£J .4 ^j-^>- 11 4iLL j_Q 5J~^-j «u uiVs. i)) u_S j_uj 

jUfc-_i j_C 4_i_ijL^J1 5ji iJ-iji Lciin tfclJulj fclJul 4 _qjLLL 1 5ji jA_uci_iu tLiUiUjjla .4_il_^_i 
(J_c JqKJLi jq ifl i Lq_i|j t L> wn 1 >_iljLi-u^il jj-j_Q 4_QjLi_Ll juuci 4_i 1 (j*i 11 (3j tt__a_i_cL 

4_C jn_u j_Q ^Ja-Uj t4 1 0 1 0 ~fc. 4_->fc_ 1 Li 6ji 4_J ji-o-i ç\ J-^JI 4_qj 1_£lq j-o x"\ m L^i-Ua. . Sjj-u^ll 

.(jJij*Jl jr-fc-’i j_iJ j_i Uiu ^g-CLi-uaJ 1 j-Q_flJI 

4-Luo.i jjc Lajj_uc (_^j^I (3 ^-ojLi-Ll jj^u (_^jLuo_i_Jl jlijil iJU (3 ^jl L>~v*J 

_ i, 

jj^uj tLoxLucjl (3 (^j-'N-H u_a5iiJl 4j 1\<J 4c jujJI j-Q J^ jj^-j ui\ <A-v 11 


i \Y 



jlJ.1 jijLoa"■ ti—sdHd.'i!I Ijj) - *i■"tj .^Jll d Lq\ \\cl Ijbj j-^~) t a*.Al j iojLLll 

.jiiLo5v.iLI (3 jL».L) Lojj_) 4 _)jjIj 

Berman, A. I. Space Flight. Garden City, N.Y.: Doubleday, Anchor Press, 
1979, pp. 85-88. 

Blitzer, L. “Satellite Orbit Paradox: A General View. ” American Journal of 
Physics 39 (1971): 882. 


JL^iL^I (\) 

4u^Jjj j_^_S idiljJ 4.-s _ijjj .^C.I_i_ucJI j_q-oJI i>° JLLksll jjlj jLuil j 

1 tA X j ^jjLucJI <tiJJj (J'Ju^j .g-f-ii.1 4-cli_ijl iJ-O-O-t j g-lj^JI 4 -qjI_0-q j_q j-i^I lji-ii 

j_Q J-ijll 4-jl 1 1 I (j-Lxj Lq jiJjj t6JjljJ-Q 4^j^. 4il_la 4_i 4 _uoLn.1I £_ucjJI iiUa j_o 

.iiLLJI lA0Ijj-l 4_-s- 11 t (jJU 6J-iljHll 4 X.j^j-JI 6J.& j .4x jluJI 

^ycLaufhl j-SdJI :jliU jusu 0 *) 

(_JjJcJ_uj_i_uj j_q*JI 40 \0 -n. (3 o^J i4_3t_SjJI &Ln_i 1 ^ J*Ja^l /11 \ t__S j_uj jli_lJl jl gjJI (jli-i _ii 
) J^-roJI (J (JLXQ J-4> Lo£ i4_3LSjJl (J_C. (_£jj_Q_3»JI 6 LnJ\*J 1 (3 jljJl 
14>Q jjjLflJ J Lllo^ I _1 lC. .(j^jli-iJl (jL-i (JjL2 tjp-1 ‘l_Q.il iukslijl 4--N- i. i. 111 ^V. (j 0 i 1 

jUm-i ‘(i—j) jli-lJI (3 . (J^A i-u\~N- 11 4 1-i 0 i _\‘iC (_£j_uC-flJI 4xJ^jjjl çjj -N "i ni iTYlVT ^u^-jJI 
^Liml (3 (_^l • J^c-I J| lluilj j\ /7u au (-^) jl^JI 4JU (_|j t(ji_o_JI LlLsI l^max 4x.juuJl 

jl - l-N. i (_£j_UC-flJI 4xj'UjJl jJ IjJi-i •(■^’) ^g-C. LsL-ulJ 1 £_SjJI 1*1 1 JJJ j_QJ . 4_3t_0 _l! I 

SjuljJl J 4 i 1~*JJ 4_ixl-3t-m 4_3»_SJ (jLm j_Q jl lA.4_3 lSjJI &L-n.iI juSj (_| 

■ 4-tiC jGllll guViTi jl 4-iJ_uc'Jl 


Abelson, H.; A. diSessa; and L. Rudolph. “Velocity Space and the Geometry 
ofPlanetary Orbits. ” American Journal of Physics 43 (1975): 579. 



frbjAflll 


j-SdJI : jloil ,/uaj (\ \) 

Lo£j .4_3»_SjJI <iL^_jl 3 J 1 1^1 "i \ u_flJ _uj jljll j)l (jx» J-^-ll ^ jrbfl_i Jj3 t 4_£ul_mJ I 4jl_uill 3 Lo^ 

3 (jA-J-o j-& Lo£ t4_3»_SjJl 3-C (_£jj_oC 6U_il 3 jljll J \ Jal (iiun <4_fl_>l_tuJI 4jl_tull 3 

. j) JCSJI 

jljll 4JU J .(_y^ujvN. 11 4_iaCj JuC. (_£j_uC-flJI 4 X.jmJI Jj Jj^-J m .(jjjl,jll (jo (jjli 

tjLuuJI 3[ Lifll j\ /7u /i) ^j*.) jljll 4JU 3j < J-C.1 J| Lixu J Vmax 4c-jmJI j\ /Tu 4^< >) 

(_£j_u3-flJI 4X. jmjJI j^! Ij-L- 1 •(-^■) ,jlkJ*l (_^uLoll ^-fljJI ^tJJJxu ^aj (j_oj .4_3t_SjJI ^L^ul 3 (_^l 

.4_3t_fl i-iJI &L^_j 1 jj-flj lS (jj^-* -_i~^_\ 

Abelson, H.; A. diSessa; and L. Rudolph. “Velocity Space and the Geometry 
ofPlanetary Orbits. ” American Journal of Physics 43 (1975): 579. 


^jLaJI oLcj-oj (\ Y) 


P 5 _ 

Cjljl-C. jl dljJj j-iJ*. I fl \ (j^_oj ^jlzu-oJJ 4_tAflLll 4-fl. lQ_-s- 11 . p. 3t j > ilj.'N.ll 

^J_C. ^jjLucJI 4X.j\u JuljHj Lcuuu 4 £^jjLucJI 3j. 4-ixuJ 4 X.jmjJI jM0J-> ILulj ^j- 2 *_j ^jLslJI 


ujljLiJI 4x. jmj ^Lo'ill ^jjLucJI 4x. j-uj jjl ^T' xu Lo 4_Lflu (3 ^ul ^-uoIjJl j-o .CuIj j-~s-\ 
1 4-uñLjJI 4uui.l_lJl j-o .^Lo'ill (_J| cJj--N-ill oljLiJl 1_\H/n (jdj'i!! 3[ 4-ixajj < 4_flL~s.ll (_J| 
(J-C. 4,\ \ 3t J t (j-oj (_^l (3 ^ jjl *<^lLj 4-U^LlJI U 4x. jmJI 3^-1 (j-Q 4jjl_3t_0 (jl 0*A xul LlVs-CU 


Uex 4c-juxllj tt (j-ojJI 3 m ^jjLuoJI 4-LiSj 4 ^jjLu-iU TMo 4 jjI Jjj^ll 4.1.15111 4J1 j &jj_us 
u = u ex ln(mo/m) ^ ^LLu 4 JjL*II jjlij .£.jjLu^JI Jl 4 u_ub ^jLjJI cJjLiJ 
(jji^. JJ j> jjLucJI (jjj j| Lo 4_j I 4 JjI_ 3 l 1 I £>J-& (j-o (_^jJ (jl J(j xuJl j-oj .4 _JIj1I 4JUJI 3 
4jlj iV ex (j-o Ji^l ^yucu u (jli 4 m 0 /m > £ L^ji ^l 4_killl J1 'lj-u-ij 

.^■JjLucJI 4^JJk 6 l-~S- \ I (Jilflj 3 j* ^LjlJI Ujljli. cJj-~S_ i \ 4(J^J*^!1 3| ^ 1XUJ 


3*JJa^!l ^JLuaj (>T) 

pl <>Q II JjIj (jl^ Lo lj| ULojC.1 (_£jmujJI 1 11 ~s 11 (J_C 4jjJljiJI 4 l~sC jAjIj ujjLojj 
| jjbLo (jl^ lj| jl 4 JA-O jiJ I 31 (juljjl (j -0 6J<II% £_SJj LjJ-^-J <4 1~S >11 &ljS_jl 3 LuJLji. 


i\i 



(_£ji jj-L.\_o j_o (j j >i 11 (_^J \ aajlJsI 3 1 xlflj(juljJI jj^u ifu-U^U <g-l 0 ln m*JI 4 \ X Aj 

IJ LoTlC I t8,0J 4 (j\U ^ jljrlj 4 1~N C _C\C ^-CjJI J1_i Q ‘i tjj J-~ > fc-> tjuJ)-Ljfc-11 4 \ X Aj 3 *4_k_xJI 

t Jjllil (_uL-fc.il J-C .4l-fc > 11 4_ojLLo 4J Jj j pLtixflJI J5b I jl Lo J-c-j S-ill J-c. 

_ 5 

6J\-uk3 CjIJ\_ flj 17,0 J-tX\ 4 l-fc C 6ji J-OUfcj pLA- 0-11 fc^lj £uJcU_uU pl 0 \"\ n)*Jl 4-\ X Aj 3 

-liij j jjj -i>ll (>a 

(jL Lo.lc tl .60 L&>jl-\fl 0 41-fcc pl Ao 11 -iljj jx m.i m.\ jç\ Ao 11 3jko jAc 

. 4_uLj J£ JSLk. 4_uljJ I 3 jLLol *\,A jl-\fl o-j 4x. j^jjJI j\_i _j ^ ‘\ * \ lg 1_4>j I fl o 4 1-^ c 
4X.j^-u j )- 0 ^Jaji\o ^jLuj 3jj_\~*. 1,0 l_4\jl J-fl_o 4 l~sc. ^‘\ x \ 1 4_uLLujJI juLUI Cjl-k ^.jj 

4ul_fluJI SjjLLJI ^j 1 AUU-J t4jjl_fl_ll (J \ \ jj j J-c. . jljj V 3 4-c.LjjJ I 3 LL-o "\ * J| j q > s ~\ 
Luu_j 4l~s>Jl 5ji cjjL fluu .^jLsjll Jua jaII jIjIoI J-c. 0.33g L&jhi qq 4U»j 4_jjL»JI 
J-c t_s_uUj juLi-i ^_jLu jjj-o -i-*u JjuUj .LfllL-o 3g ‘il 1(3^1 cJjUJ £-ituju 

^IfcjutuI 3g j-o 41 -fc x J1 Lufl \ 4_uluJI j-o j-uk 3j t^fcuLu'Jl cJjjUJ J-u^-fluu t4_L^.jJI 

t^j-jJI ( 3 jl i 11 Jj^-iJl SjLc[ 4_Li.j j-o Lc*Jl -iIj-t-oJ 1 Jjlk. t4u,jliil J \ \ jjj J-Cj 'J-L^ 

.1.5$ fc^LUil 3 jj^u ^g-nsjll fciuullj .LfllL-o ^Lflujjll Ifci^J 4 1 ~n a Jl 5ji J-t-ru jl 


Mullane, R. M. Do Your Ears Pop in Space? and 500 Other Surprising Ques- 
tions about Space Travel. New York: John Wiley & Sons, 1997, pp. 
53-54. 


0^1^0 0^)11 (U) 


4.it\5fc ^jjLucJ 4_JLoui.*Jl iflLLJI .cjSLsjll J-c Ij-iLi ^jjLUI JL\ m t^_xu it_ul jj_1 I 

.(1/2 )mv 2 - GMm/R ^ R jkill t_LucL I 4 J ^pJI jUjjll ^kuj j-c u 4 lc j^j ra 
Li LL ja LJI fci.'sJ Ij t j j Lk L 4_uu LkJ I 4^ jUfcJ I Li LL ja 4 J -i Lxi 1 6 _i^J J I -i^J I 
t_u^j^ j_o CuSLs j| 1 J^. I j_o . jkjj! L LJI 4_u J UJI Jl* 3 ^ Jj 1 >s~\ 11 4uJ LuJ I £_u^ijJ I 
4u_SLL jjku tC\.\-^fc-\ t^iLu Lo 4^jUfcJI 4_il_L j_o ^jjLucJI cJ.L_o.\ j I < T U >J ‘O^J^ 

k jJjJI IfcU^ .(l/2)mv 2 — GMm/R > 0 j| ^l tLL*j_o Lkj jl lj qLq| 4_J 1 -oI 
TsLLJI cuL IJLi .^jjLucJI juiu aLul ^l 3 \ IjJ 6 .v 4x. j^jJI ^LuL 4 J iiSLc j| 


.^slLo ^_L.s JL-u J-c 




* . 



•LjjcJI C- 


(3 Ijr\-QN N , V jC (Jij ^-iJI CjLc-j'UaJI 4-1 ni.\ IL> t4-lLo_xJI 4_lJi.LjJI 

i3 4_lo*.jJl jL<.u_o jL^ Ij| : Sjjl .4 jjLu^-ls'JI 4-u^.LjJI jo l j^l (J-iksl ^JLs'Jl jSLkjll jj^_j 
Sjjlj £jC- (j^j*Jl L >jjj 4£.juj J_3»_fl_i iJjJj-lu ^jjLucJJ 4JLs_flJI 4 CjujJI L)Ls «jjJuJI ^L^-jI 

p i 

^jz *.jJ 1 j-o j^-o-o j _iS 1 j ^jj 4_lji.jJJ ^JLs'J I j LluJ. 1 I Lu Lj . L^io jJJ^ I ^il I j£2 jJl! I 

( j<2j'J 1 Jj^. jj Jj 4-lSj_q £_o CjLc. j-uxll j-h IjJ 4_.il_o-C. k /n \ \ Lo jAj t^jjljJI 

,4_j_iC. 6 L~n_ >*J1 3 > <£_>jil£ 

4_oj)J-u_o 3-Q 4 x.juJI ujUI ^J'JI j-i-O-ll jl ^Lolic'JJ jvlLI j_oj 

J-Jlj .4jjlj_Ll (jJajj!l 4x.jvu Jl^ 4-J-luj jSLkjll 4jjlj Jc. J_oj_xj (J j lo- C lII j (j^ijJl 


(jjLkjll ^jj (jl <4-uHll 3 1jrLoj).! i*s N' - \,*\ jc J-£lj jjLLJ 4x.j^jj JJi 3 ‘J^-o*JI 
4_L2ijJ_i_LI 4x.j'\jjJ1 £ j £. IjJi^ (Jflj 4C. j-u-JI 6iJj& 3 I .(jCjjll 4^j_r^. &L^_jI J I Jj_o I J_c. 

t(J jj_o_llJI jo Cj'J-S'JJ 4_i jJkllj 4 \ jojIj jJI ç_\Ti5v-l 1 3 SjLc. 5 Jjr^j_LI 1jrLoJ.L l\ iY 4_3 l1LjJI 
£ j £. IiAulj LicLs_lu ( j'J_La'Jl iAjCj . $J_^.Ij 4_j^_Ls Sjaj I-AjIJ. 0 o 4_sl_m_o j-o 4jljj dJJ j 

. 4_u LjJ I 3 I_A-o j-LlS 0 Y, A jj i Cj'J-S'J 1 4x. jujJ ^j I C^s-l I j jij t (ju-oulJ I 
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oljUU *UUI (No) 

cJj5LL 1 (jj 4_sL lu-LI jj jj_uj J| iloloj (Jo^LjlLI jGilll oj^j jl ^Lo'Jl ^-Lsjj'Jl jL<o jo 
jli_io (_J| 6i_iil-j_uj Lo j_&j tdj^JJ 4il_La Jjj-U-u i__SiC$JI c_jj-iC ^Lsjj'JLs ,4 _jjI lAfl 11 4-krs_iIj 
4-jJI oI 4sl_kll (ju 4 s'J_3l 1I 3 c£jUJI jlUl 4 JI 0 *. 3 1 (gj ijj (J^-qj 4_^_jjjJI 6J-4 >j .^-C-l 
cjLcj'-uj kjjj-o jc-j!! jldl L>^J .F’tot = — GMm/2r oi% tr 4_icL slJuJ 1 4_sLmllj F^tot 
ç-ljiJl .cJj^JJ 4c j-uj LLsLjjjujj IjJ = GM/r 4JjI_3lLI j_o 4 jjjj LiVs-oj Lq j_&j t JSI 




<^cj^JI £lj jlJ} ^lijkj-cul 4jl_i Jl jjS j < 11 .Cjljjlill j-o 4 LnLn i jJJajj LjCs 

tjlcll liA (jj Luku jlco 4 _uoI_£lL_jI ujj-cuj j cJj-S_ccLl 4_J Looi.j! 1 4i Lkl I (JJ-Sj Lo jj^ j 


1U 



uj^' 

jJj.^J.1 WiM jl J-3LJ .i__9J^JI jlj-Q j-Q ^ j-OJ I ^aU j_OJ • \-U2* LflA- > 1 jTlS 1 jj^U i «jljj Jl 

jJj^-Ll 6jl-C.| (JjSk.1 j-Q £*ljjLuJJ (j-Q 41 /nl /nll 6J-& jn^v C. j^_ou t 4_jj LuO-flJI <LLirs_LI 

. 4"\C. j- oj g-Li^i. j|j i _S J^JI jl J-Q 

Wolfson, R., and J. M. Pasachoff. Physics. Boston: Little, Brown, 1987, pp. 
191-192. 


jAill (J‘Jiai'^1 (l ”\) 


4.wnj j-Q_flJI jlj-Q (Jj-Q ju LLi> jl j£-OU i J-G-flJI jl-i-Q (J-C. (jJij"JI 4_1_1 Jhk. CjI jGlj U'/III 

(j/Cj'JI g-lj*j // 1 1 1^1 (ji-o (J-C. jljJLLl IJj5> £-oj^_jj J \ °®dl jljiLou (j^j*JJ (_£jljJJ /nLl 

g-lIjJI (_^| 41 /n\ juxflJI j'j-q (^h-o (jLs t YA VY ^JLJIj (_£jIjJJ L&l j"> /»iq ^J-c. 

^jj Y/YA^ Jjhtu U j! /rv °YAj 'NS °\A ojLiJj ^Ji\ 

j-Q LiuLj 6 Jj 5> (j^j_sJI Sjjlj jSLou .LoLou gLALil (^ Juuu^ j^j-cj 4_u2>LLJI (jJjj_3lJI Sjjlj 
4_C.j-uiJI j-o 4_Lol^ 6jl Oj /nI 6 Jj-Lj-uj-o j\iJI 46 jOuLj-o 4_ajLu\.Q- 1 I 4_wUjJJ jJJau jl 
Ljjij .j_o-flJI jlJ-o (_^j*\/no j Luj-flu J->.i-u\1Lj £_flu uuljlj-Q j-a>_j uJJjj t(j<^j'JJ 4_j_iljjjJl 
S^j-O-flJI jLlau-oJJ 4_ijljll L<LliI£_lLI jLmj (jjLS (Jjuu 1 _^jC. iJ^ * 1 ^ 1Q PjJJ (Jg-I /nj \ 


gl j~\ /n^l Jau*. 



t Lj ljj.ii j-Q (JI 4_l1j_lS j-uiJ I 4_>j_o-flJ I ju LuiL I Ju-flJ-hl t uJJ j j_o (j^ii.Q-il I (J-C. 
uJJ j j-o 4_flu_fluLU (j^_o I Lo (J-u\slj . ° 1 0 ,"\ (_yjj-C Sjjlj (J-C J_flj ^uJI t JljT ju>-J jl) 
jlj-o (J-C. N V jui_ju Ju-ou Lo jj6j <° 1 0 ,*! 6 j I J-fl-Q (_ju-o 4J jl J_o (_^| (j'J_ia , ll jj6 £_£ j-LI 


1W 











-L>j-L£l 1I L-ul Ç- 


(gjyi 'mU J- 2 lJ 6jLlU-Q jAJL J jl pj-ll jc. 4CtJLli5s j-OJ .L_iSjjkJI (J-u\fll (JJi (J ^jj». 

--^jJ' 6^ -£^-" j-^ f 'j^i 3^3 çgj'-ill 

Lewis, J. S., and R. A. Lewis. Space Resources: Breaking the Bonds of Earth. 
New York: Columbia JJniversity Press, 1987, pp. 132-137. 

^ujl^uaJI J^isj ij jLtflLLs^l ( W) 

j jjL\ (jv^. I ilxJI 4ju_jJ.I (J \ y hi~ 4 \.\l ,^~<a%ll 4_i-.llll Ja jjj*JI jua 4jl aJsjLflJ-l J j-° 
• ^il-lJI ;> jjhxJL 4 ,^l1II ^ jjl 4 La\ J| JI \\c. LgJ_L* Sl t(jiaj*JI j-o 4_1_!ji 

>JjaJl\ LL«JI 4 _LljJ.I jj-L\ ^-fl'aJI Ljj' ,^ll (^j-o (l LcSlI 4-3Lfl_iJ.I Jx. J \ (jxls 
._l_i_j_Ju c- Ja \ \ dljsLi\j jLl \j I Jx' Jx j jL\ j\ua. ju.\.1j t4_VLo_o 4xjuj ^j-clsL 

.AKE = mv Au jl iic.juaJI ^_o L_ij_L . -■.Jn- II iLBLh J j AlJI AmSLjj 

Berman, A. I. Space Flight. Garden City, N.Y.: Doubleday, Anchor Press, 
1979, pp. 75-78. 


u-3jSn (' A ) 

jj5L> j-LJ*. l_^_l 4x. J-UJ (^LflljJ <pl i /n II (_]_uClS (3 jj^—> j-L^- L^J 4x J\JU ^j^fllj j^Jj^I I jjSl 

(^J 1 U^> j i J-LLO-LU-l I (Jjj^. J^J^II jLlLLO j^ . JLoAll Sj^Jt ‘ Q IS>\ (3 jJjj t ‘ Q A II (J_U^3 (3 

(JaU_S j_QJ .jIj_QJ_luIj (ju-O-clJlj j^j^ll (jo 4-3 LmJ. I jl Lq jXj ti—3 \ 01^1 jJO i 

j-q i_Jjil lS g-1 wnII (3 jj^-J jt^j'-ll ^jl JLo-loJI Sj^JI t. J jyl 4_3jl_a_ll 

j^3 j^! I (J-uO .1 . t—3. i-uO.11 (J_u^3 ^3 (JU-Q_llJ I j)X £_u 2 _3-° J-3LJI (3 j J^-> LcJ_U t jllO-luJ I j)_Q L^J 
Jj 11Q N £. V, N L&ljjJLo 4_3 Lllloj^ jllO-llJI j-Q 4—l—^_0_ i ( jjjsl (C,\ t j<OJ_l£X^J I 4 0 \ 

41-^ 0 \ LqI t^.L*JI J-C. IjLoIxI cJJjj tjjlu-i j_q jlloLLJIj ^IAJI ^-0JJ (jo t (jrLo jIlS 

1_^_Lu3J_3 ^jLojJj^ j jj_Lq N ^ V, N Lbjlj 0 Q 4-3 Lllloj ^ jllo-llJ I jx lAJu'JI ikiill t^J*Jl 
J^Jaj-LU j-Q_flJl jl ^Luj'JJ J\J_L1 (j_QJ . JjjJJ j_Q jujLllJIj cJllll ^_QJJ (jo jc^j'^ll 
^jJl 4 -^.LlllLI t^LUI jJj^ jjjLs jflj .(j^-i-u^y-N-11 i_u_3j (3 4 jX ^J*JI uLl3j (3 *J-kLfl i6 1 

1 (j ilc. 5 jV-lS 4j^.Llu_o j^jj'JI ^JclCj (j^J .4 jjIu (JJjj jJij'Jl jkfl t-fl-Lni 4 j*j_q 1 (j x I^i 0 \ 


i \A 



(J 


<j V * ,X ,J-£ C^- 3 - J-C' 4>Xij 

. ^ jL! I Cxsj £ < ^- 1 - 1 LJ! (3 ljLoV A, A j t (j-OJ_u£X^J 1 CxSJ (j 4_l_)ljJI 

<j oA^' (^) 

tilj_aJL> ^JsJj .4x.l_txjJI (3 i^U-Q u_flJ1 ~\"\ jrsu Ujl J.Q o 4 X.j-uj (Julo-luJI (Jj^. (j^j*Jl jjJj 

Lglt^aj (j-o (jl oAM" J-c it jfi - y * *' <3 ina ' Jl <_U=M9 Ji-UI Jl <Jjill 

Jxo c_AJI j--s-> l_4jI-\ 0 o 4xju uj ^j 1 (im jLi dlJ ij t(ju-o-t-uJI Jl^ 4 i n\\ ju^ j-~n-> 

ujS>j£ Q10 i jl jL\5L> j-vxu*^l (J-Oj . JUJI 1 fcUuL! (ju^LxJJ 6 L-n-\*JI ^ 4-C.Lt.aJ I (3 

.L^_xS L> 0 tn \ (jl j^- J-oi^JL (ju-o-mJI 4_ujU. j-o (jt^j'Jl 


j^i a *j!i^(r-) 

I_\ ~*JJ <_uU. 4jjXO_i J-LLO-tlJ I (JUlj L^-kJ-fl-LU JjbC. (J£Cj*JI 6 -l'ÑA i (_£jJI jLm-ll jLliC.1 jUl 

^l J_ju_ujlu j .4-i5s-U 5 -\~*.j v_J6 jI_1-Clq jjjjJ jjtv-o <._L-uo.’> 4_J 4 _iLjlJJ £_j_3j (jc^fllu ^Ja-flJ 
(_gi 5S-LiJ-'N-ll Sjr\_flJI <._L-u~u (_£jLluj Jaj-fl-mJI ClSj (jl J-~s-‘> iT^ = ttjlJijJI jJj^ jjjLfl 

.LSji M,"\ jt f T = (1/2M0.5) 1 - 5 (jl 


£^ia-Ai (r\) 

S p 

g-i 1^11 4_fl_uOJ jLi <j< 2 jL! I ‘- ‘^j'C jl<J-o JUlj (j.a-o_LuJ I jJjj^ Sj-&jJ I <_ >5vj5C jjJj Lojjj 
iHxflj (3 (J-oUJI 6jjJa (3 J (3 \ J-4)J . 4jJ Lflj-O jjjLfl-OJ (j^Jj'JJ j^Jjj (j-U-O-dJ I p jS\ \ 
i_\‘\C. Jj<J-~s-II Jji-Jl (3j t4j*Ji Jaj, ml i_jjJ Ln /< j*tl I ^ 6jjJs ^jj (jj ‘(_£J 1*11 jljrLs'Jl 

jj^u (ju^. 4 jL!U. ^ I-~> ml (3 SjAjll jl 4j3jLfl_LI (Jj-xfl j_o .(J-fl-t-aJI (jljLfl'Jl 

£_JjLujI 4 LUAA jjLL^Jl c3 Laj|j < ^ Jj J-~N-11 jjkJl) (j^j*JI £_uCj-0 i_J ji I ^ 

j_o (j.a- 0 -t.aJI (jc. -\_S_i1 (jt^jLll <-j£!(j"J 5 jj^.L! 1 <_uUJI (J-C. . ^6J_3Uj JjJjxJI jj-iaJI (JxS 

£_UCJ-Q i_ jjl (3 (jLi^j^JI (ju^. 6j-&jJ1 ^Lol j (j i^> \ 4_1^ ç-\ u^J.1 4_fl_u^j (jLi iSjAjJI 






•vg p 

6> Lo >im ^jJI i_/7i 1' j-° ^Lu^iJl J/n ^ j-Oj'JI i_£>i_uL*. 

4u j-sATi *iLs pLaiil J.(j Ai i (_^>JJI u-ul- 2 >Jl Lol tL^u-o jjfc ujjrLiL» ^uJI <_u$_<lJl 4_sl_u2>^!lu 

. J ^ ñ»J I J eJ-xll J-^'i ll J-C. tjiij'JI v-jJLlu ^uJI LuJ I 


/K 


JU-Q.t7.tJ I 


<r 


^■Lu^JI jsl 



i Y * 


-Lull jsl 


















o^JSsU jijiJi (rr) 

P P ^ -S 

j^j^!I (J_c (J_>_Ujj (_£j^j!l i Ij)5LlI ^j_Q Sj j^UI djl-jL liJI L&j ^ lo \ ^lll 4 j jUUI cuU jJ 

j-o (J-C ^dLlj J-Oj ,4x.l_ixj V 1 (3 (j^-Uj 4 _C.I_<jj N 0 ? 0 ^ 1 (j n\ Q j Jjj^. (J^J^!I CjjIoJ t JiiL 

(_£jJ^j!l (_i^ljUI .j-oiJJ 4_1 Jll CjI jiLJI J_3LiLl Lfl nifl' J(jljjO LLLu JJ lO X II 

J| ^- >-^ 11 jL 5 l I 4 J jjjJ — jJJJj o^bjlj J=Oj ç^J-^J-b jjljJ-l — 

t_i^ljUI (jL^lj ^J ^j (J-o^ .(j^cj*Jl çi -y 4 i m\ j_o_flJI J1 q Lfl jjj .Q 1 < _iUjUI ^ ^ 

. JjLq-q pLL_J j-GL j_Q 

jl Uj LqJ_1_LS . jUj'JI ‘^b-ljUlJ (_£ jll cdJj (j-Q J-\^l pLL_i| ydj jj-Q ^-jl-JLl 4-tuiJ J-Q_flJI 

LLsLiu j *Sj-q A N _i (_£j^*-ll 4__x_» i L^ JL-s_o_i j-o-flJI jjUj ij_o_flJI 4_i_i JL-^i (jjj^!l 

JL Iviou i(jJij^!l (J| 4_i_ujJi ^.llll u_Lsjlll (J| J-ucj jj (J| 4_uiij Jj^. j-^xflJI (jbj J 

.i__Lfljli (JLLO-uJl (J| 4 1 n\\ j_Q_flJI (jljjO (jU •(J^j'JI 4_2i.lJ_i J_Q_flJ I (j_Q 4 j IJ 4^.jJ I 

(jo 4. i-LojJ I SjrLflJI J J l_3L_i Lq J-4>J tLi-LOjl LqJJ Y^,0 j_Q-fl.ll ^ULO-tlJl ^JjJI £-L-ij 

.(jULfllHo (j_iJ_Ll J^ 

jnxi /Ti.l 1 4_ijil Cjl j-GLJ I J_3Lfl_i jJLi j^-s-i (j_C 4-mfl-i J jj^. Jjl loC. jljj J 6jLfl CiUaLid 

.Lqj_i AV,*\V 4_xJ1_JIj i—j^jUJ 4_ijljil 6jrLflJI ^JJli (_^1 tLojj 0A,*\0 (j*Jl JCL_3 l_i (_j-&j 
( ju_o- u Jl Jj2k. (jljjdlj 4_uj_flj Jjj^. (jljjdl (j-o JoLijl 4_sjLc (3 jJLc jjUoc (j-®j 

Jjl_fl_Q 6j j.->__q Jjj^. 4_1qU cdjjO JlijLj JaIj JjLUc (jl q.i t(ji_jjl (_^| 4u jU Lflij 1J0 q 
J 1 A 1 1 Sj_&jJ I »_ (j Ij j J Ua Lu . (jjj_Q_ud I J1 q (j 1 ^j-fli (j\_j_l_Q U (joj j J J^ 

(!<— ai^Jl J|) jj^ U jj Y 1 Y (jj a" /n 1 (j^ 1 j_4>j t(J jj_q_Cl1 1 jG U J_3Lfl_i 4—txifl —1 

.(Lojj YYo) (ju_Q_cdl Jjj^. 4uljjJ SjrLfl i _ijLflj Lq J-&J t6jj-~t-Q 


Sj-o-SJI ^jujj jl ja-c-uiJI ^jiauLaij Jjfe (Y l) 

^ljjl^jl 4 U Cj .j_o_flJJ <4--N_'i_Q_i (_^U1 4-1 JL-n- 1 I 4 l^ X Jl jIJ Q q (jn 0 j (jOjjU (jLLO-mJl ^c-j-oj 

(jU ‘(jlj^llj j-o-aJl jjLflj (ju^. IU 11 (j llC 1 4jjLc 1 (j lo 1 jj 4_ujL^. JUi_Q (_^l (j 

U-LllO (jjLflJI (jj^_J LliiJ t (JU_Q-LuJ 1 (j_Q (jU-lJ-UJjJI 1_qJi11sLlLQ Jii ^-fl V li I Jl 1 jJ I J_qI_3lJI 

(JLLO-LuJl Jjj^. J_Q_flJlj (jOj*Jl ljl_LU_Q (jujflll t^J (j-QJ .4_ii5>L^_l jl_QJ 4 j I 4-^.J jJ 4 j1 X 11 

.1 iisLfl S~Uj 4^jrLuuil Lq_^_ iflU u_q JJlj llij t4jlj Jj_3lLU 



•L>a1! i_ 


(juo 1 V 1 11 j-a-flJI j La i x ( Vo) 

4-lxlu Ij-3L-£lq LojJ jj^-j (j<oj'Jl I jLllloS .Lq 14-qj t x.\ Ij_& i Jjj^JI 

6 LIjj L^j j-Ju-C. 4j'j_j (_£»4 £_1 _Lxq_i 4_j_<iuI j J_i_i jl xlloJJ J_3t_fljI J^_luJIj . j.llq_l 1JI 
^jJi j'J I (jui 6jOu Li_q £_fl_i j_o-flJ I j! jr\_31 t i_i \ xlJ I 4_Sj_3t_l . ( JSLuJ I j-L-i’i I ) j^3j_s Sj-i jH xllq 
4_uJLqJI 4_Ls_lljIjj jUl^jLlLo ju&L-\-il (3 j-<a-flJI >_ >Jls_j t£_u2jll U-fli J .jxlq_loJIj 

j.-s-) 4_i J UJI 6j-flJ Ij jxi_q_llJ I 4_i J L~s-11 6j-flJ 1 jUi 4 _i_lllJ I . jjj_q_luJ Ij ^j^ j*J Ls 4_uO LkJ I 

J-^_l lj_3Lfl_Q jj^_i jl l—!-->>-1 J-Q_flJ I jLlLLO j_Q PjJ^Jl U-A 4^3 j_QJ . NlY,Y £_L_1 J^J*J1 

Lii-ui jj!^_i 6> jL- 11 ^j-o JJ^-I ^Jr- ^Ls .Jj-flJL cilj^ Ijl^ H A l~l II 

. , ) 11 A l7l I I J ' 



Purcell, E. M. “The Back ofthe Envelope." American Journal of Physics 52 
(1984): 588. 


£ YY 








(rv) 


.SjCjJl (jxujl \ 11 (j_Q LbjLCj JLi~s-1 L> 4-LLsJ.l Jjfl /nllj oLijJlJL pJ__q j-CLflJI L juj 

S S 5 #5 

1 ^ ( jmq >7i 1 1 d L. <n l jj jfl^. 3 c l \ (j v 4 Jj j L» 1' <n . v tS ^ Ja-gjJ l j *S 1 L ^j 

Jj_q UU-Ll^ jll^l J-ici ^Ja-aJl J > i (J'J_LJI 6J-& .j'U^.'Jlj Jj*Jl £-CijrlJI JU^. Lj J-2k_J 

L) JJJ 4_j_Jl_C. jj^ SjvuLo j-c'jl J_q (_)JJ_q_luJ I 2 _L_lu_) ju^. tjiJjJI jjL 3 3^3 j-a-flJI 

. J_Q_flJI 

! 61J-*.uJ L jLlU-O J_L> &] jj^U t^j^Cj'Jl JjJ^. j-O-flJI jlj_Q LljC i_IWIM 4ul Jius.'J 

J| (L_UCjI lj_Ls V A J_ 2 i_j) 1 jri_Qjil\ T* 0 i X t * (j_Q OJ Lflju J_Q_flJ IJ (J^Cj'Jl (JAU 4-fl LxlH-S 
j_qcJ 1 ç- J-uC ClJLfll 1 (jl (j^_Q_l ^U (j_QJ i(L-uajl lj-Ls TY J- 2 L) IjrLoJ.1 lS 1 * ITTA J-sL 

Jj*Jl ^-ujrLll (jl ^Lu.&'JJ j-Llll (j_Qj .4 jLIL T* Jl^ J-Ln.1 jlj_fl_o_i jJ-JI jjL J 

.£>UL V * 1 j'U^.'Jl £UUjr\Jl (j_Q £-L-xu I jj^U 

Long, K. The Moon Book. Boulder, Colo.: Johnson Books, 1988, pp. 39-42. 


^lj^JI (YV) 

i^gjj „n 11 j 1 o 11 Jl^ i|uj^ joj cJ[ ^3*-* c£^3-UI ^lj-'L.ll I_l$J ( j > -fl-L.i_Q j\xu_fl_> 4 _qj 

4_sLxJsI 4_ij_L_i ^_tul j\ xu-fl 1 11 lj_A J_Q-~t_> .c^jU-Jsl ^uLJI (jjcJI (J (jlilc. (_^JJI t(juJ_ail-Li 
(j-Q J_3Lul 4 _sLu_q J_C _\~vj_i 4ul jslii Js'Jl 3 (j\L-\.J,l j-o-flJl (jL (jui_flu j t4_ijj5iLLJI 

(jLxu^JI 3 Lj_&LLJI 4 -sLuJ.I jj^.L j_ucl jJI jl^ .LJLkJI pLo-mil 3 jj^-* L_ilc j_o_flJI 

jLxa^ jj^ lj[ 4_lL SjcIcJI jjj ^LflJl juJ> J-c 

. (JSLLI jJi-l I) L^~v I j j^U JXj'J 1 p. 11 (j I Jj U_S 14.1 iC ^_~s_~s_l I 1 ofl 1 



g-Lij.iQ.ll >__ul 



^-o-flJI (j\_^ 4jl_i ^>A3 \ (_£^-o_flJI Jl J.j-11 ^fl-la-LO jA-lllSlj jJLlib^ 

j-aiJI jjl Loj^ . 1 \\ a\\ i_sj^l j-aiJI (Jjla (3 (jj'Jj^ <_is /<n s tj^fl'JI j-a LLi^>fl 

(juxJl^ ^t-Ll 4-o jJolLo 4_J I j\_i_s tllLilj ^Jj-uLJI julll (JJi-» l_a‘ii> tj^a-aJl 3 4_a_uL j-o jljLa 

.4-jl 3t 11 I^ J-Li J-Q-flJI (JjL^Jjj tllj J-LI ^-'^-'S-lI j-O 
CjU CjIj\ jjj .fl lll ^jc. Jj-U^lfljJ oQ.11 ^g^-nill jA.ll J-C. jjyt * 11 (j^-aj 

.1 l7l J ^LLO-LuJI J-C. j^-lls-U 4j|j jd lll I j)l J^jJLi J^j^-J .S^^jLl £-^J^>ll 3 ^ 1 '^ll 


Hershenson, M. The Moon Illusion. Hillsdale, N.J.: Lawrence Erlbaum 
Associates, 1989. 

Kaufman, L., and I. Rock. “The Moon Illusion.” Scientific American 207 
(1962): 120. 

Restle, F. “Moon Illusion Explained on the Basis of Relative Size. ” Science 
167(1970): 1092. 


^j)Vtll CjLi^ ^ f 7 ^ jjj^j ( VA) 


.j^jL clJI (Jlj_u-JI 3 (_£^>-aflJI SS ^ 1 ilI ^ljJJL) ^j ^LAl 1 j\ nifl \ 11 ^J~iil .|\>j (_sIj)-~^-lI 


3| c-J^>jl 4_j^j^Jl (jL^. jLjjl 3 ^J-*-> 4j^j^JI jAlj Sj jiuil ^j)-~N-ilI (j\_i 4-flLcaJl 

4_i ^j <fil LiJI (J-l^-Ç 3 L l~\. 1 1 4_i^4JU 3 1 J-> J-^L> ^ J j-± jQ h» \ jS lll I I JJs j .jjj'Jl 


-flj-u^JI (J-u^S 3 4 ^.L^.jJI 


£ Y1 





ojlaXI j-a-2JI (V^) 


Jjj^jil (j^j-sJI 5 jjL (Jc I jLoaC.1 £_ujIj J^-S.1 J-C j_ocJI L /III (_£jJkl_LJI 6Lu*iJl jjLu 
(jLfi I _1^UJ .Ç-Lo-uJI (J ^j_xa_fiJ I £_uOJ _0 Jx. J. cT\ * J LflJJULJ (j^JjC Sjjlj (_^1 (ij ‘J-U^ljJI l_£j 
j Jjj j I jLoj ( 4u^ I jJ I Lxi 1 ^ 4 j j-o-flJ I j Ij JjJ Ij ^ 4 a U LJI J^Ja Lxi I ^ L j-cl£l1 I J Ll-n. 1 I 
Jl ^Lxlxol cJJJj J_Lj_ujj c^l ii jl O 0 ^-*- 0 j' i 

*JJLo Ll&J^J — 4jU (JjJaJI L(J-C (jlj-urJj UjJ jL IjIj .jjxdl 4u-o jJsjj (_^jJI 

jjxflJI (£j\-uj> J w7n (i Jjj^jil J-u^ljJI (jL — J \ ui\ (i ju*.Lii \ Lu (J ^jLjJIj j L <n jj (i 
. iLL i i jV-n.II 6L_jI (i j-ocJI JjjLj (ju^. cJJ Jj t j L /n jj (j 4_fljJ_uCJ LjLlo LLoj 

.L \ o xJ jj^I (j a/< i >11 6 L_j*J1 j j5Lq (_^jj^.*J1 cjLj'JI (i Ll 


b jlLo 


? j-aJJI £liujl jJjj ^ (X ♦) 

<giJ nill (J-uOl^ (i Lo£ t^jJij^ll j_o P(_^Ail u_uLJI (i 4_LLilL_Lo C—aJuiLll Sjjlj jj^U (ju^. 

J L1 (i Liiuj-o j j^u j-ocJI j La ^u (j-oj . ^lki I * uLJI (i J_c. I 4 \ » uJ L» j j^u L^uLa 

(j\_^ ijjJI jjJa (i 4J ^liujl ^u^sl J-uru Lcx-s.> tu-SJ-uJI JLJ (i L^jiLu-oj ç\ LrnJl 

.6j^uLo jno /iJl 4Jlui j jL_i 


jaUI Js. «u2sj )!I (H) 

.(J^J*J1 (Jji^. J-oJI SjjJ £_0 LoljJ -0 4-Uliu (Jji^. j-o_flJI jljjJ jl_u3 jiJ .*J >_ 1 1J-^J1 

cJLa ^Ljj^JI 6JJ> j jJj .^IjjJl j-C. ^j^j'JI 4uuC j-ocJl c_iu^ii 4 u*.1jj .JJll 
jL-UJ j -0 4jlilu ^ ^ JUkU t jua. J UJ-SJ jo t(_Jjj jl jo Luu_OJ joiJJ (( 4 j j Ijjj5i 1 4^ jjk.» 
jo J-LL 4 jLLL) i \ jo jJ^I (_£jj jl ^uJLLuj CjLs jjl çk L x o (i lu^ (j[,3 <j-ocJI 

. (j-^J LkJ 1 6 ui-^J 4 uj jiJ 1 jJo LiI ^g-SL^u j_o-Q.ll (_^jjLlI (JLmJI j*J cJJ Jj 14-aJa.m 

LjL (j^j*JI jJU ./11 tj_ojJI (J-C. £_ij_o (_^l (i Jjj.j_o J_u^lj (J| 4 ) 111 \llu t4uJc. pLuj 
.LjIjjj^'JI ^LjuLI 1 n 1 n ) ^-u^jil cJJ J Jjl^. 5>luJ-S i sJjJjjj tpLo-cuJl (i 1 *\ \C 4 _LHuJI ii 

p 5 

t6 jLuLo (j-c'jlu 4ujj_0 (j^j*JI jj*\ j III ^Jjil j_ 0 _qJI > Q is>*' <-h i/V) \ o c_JJ-i tjllll J u III J-C 


jJj jAj j^SJI L4J uS> ^pJI iSjjJaJI jUIj UjIjJ^L j^j jJ^3 

•lAJS!I Js. 



•UjjcJI C- 


ujj (rr) 

(_£jJI J tS\ IjJI J-Uj (3 “UJiJ 4.-S- Lljj t(j^jj!lj (J.IJLQ.taJI (jU Sj^kjJlj JjLUlC- ljl<J_Q £_flj 

4jjljJI jj^jj t(j.u-o-t.uJI ^j£. LclIKq Ji»j jU^j!xll jjljJ^ jj!^j j! ç-Lo-iuJI JjhLou 

1 Aj t Jjl Uc 4JU (3 4u*jJ V A — 4J1 Jall ah*JI 4 .v lc ,jlUj Lo — (j.u-Q-mJl j_Q (_^j 0 11 

(3 L^-U-CL SjJijJlj JjLkc- j^Uj 'J t( jn Q inJI ujjAu (ju^. t^J j-QJ .SjJljJI 4JU (3 4 j^.jJ 

6jlj-Q jl 1 n nn^ .JjUaC. l-4j jj 1 xx u~\ 11 j-q j\ is\ \ S JC j-oljC. jil_L<£XiJ 

4 J1 Jajn11 j-dl (jl-S ‘*—3j-u-UJ 1 6jjlj (_£jj-lu_q jyC. JjU jj V jlJ-C loj (Jj-oj 4jIj (_£jLuojj 

jl j^_oj j! tdJj j-c. SjjLc. .4u*jj \A jjUd.> j! jLvixA Ij 1 j 0 o £_Uj jl j^-^j ^jLUjU 

jj-Qj . j.llq-<iJI jc. I Jj_3u CjU.J j N * jc. (Jcj j! 4 j jIjj La_slj jj^j ju^. j!l JjLUc (_£jj 
j j^J t Lc.j U jjj J--N- 1 II J-tii 1 j-Q jA >J ^ j U ni (Jj-Q (3 j J^J (j 1 (jUu Jj U~iC. j 1 ^X.J t ^J 
tP LlllL 1 (3 Ujj-LU CjI J-Q tijjLj (jlCj i ml jl jj i ml j-C. Sjj_uC-fl-Q 4j 4_u^LjJI 4j j jJI SjrLs 

. J-LLO-LuJ 1 j J jOl) jjJ U JJ—LLl Jjl J-Q UjUjJ 

ULl^I jJjj (_£ jJI tSjAjJI »_ '^j^ 6 <JxUxlq 6j aj^ 4u^jJj <im dJ j j-Q jn^ a,11 jx 

jl_Lu 4 jLlu tSjAjJI jl ^Lol&dJ jvjJsI j-Qj .1 _>jjJUI »_'qoLc.Llu ^-ijl S<j-L pLo-luJI ij 

1 iO JJJ 4_OJ jl U_SjJ-X-LI j-QJ .jL^jJI t-J3 t/^T\ \ Q (3 (_£jJ jl jl j Vjl jA X J (3 j^-QJ tj-Q_flJI 

.jUi_Q jUaj-Q 4j| 1 (j ‘i q IjJa 4jJc. L^jl j \j Cj-ClJJjI 4jjj_r^. 


(rr) 

Ijji uJIjj ^idj Loj LLfljj-o jj^j 4ijl_Q_xJI ^ljUU (jxUJI 4jjjUJI (JLts_q 
4jjl_fl_Q iitslll 4-Liifl (_gjrs-ll u-fljUUl Ijx CiljLcj .4j JA-OTl-n->j (_^jrUl L_fljUUl j-Q Lq-L. ts\ 
4-fllj^ j_Q ^JU J--s-> (Jx LjljUUI 6JX JJJcjj t >_Uj-<LU (_^j^k t/~\ 11 ^ojjjjJI / n ^k 1U 

. 5 ^ o££JI 

ju» jjjviiJi (r£) 

tjjjjj^ ^g-o-Lu-Ll t^tjj-oJJ j^j!lj ujji*JI j-ciflJI jx lxj^.1 !J.»-flJU dlo'Jl jA *j t-JUx 

jljjJ 6jrLs lijJj j-Q jv^sl SjrLilJI 6JX .4-flj-flJ YAj CjLcLlu V (3 /jJjJJ JjJl. jjJJ (_£jJl 


1Y*\ 



j-osJL 4 _u^LkJI Jj-ulll J| 4 jijIjII 4 ^jrdl Jjiu <tJJJJ 4 ~>>-i>->j . 4 _uii_i Jjj^. ^uijll 
Jj^- 2_ijll (jljjJ 1 (j 'uin ^uJl v_jj-*JI Jl^ 4_ijj5ilJiJI 4 J^jj^. ^uijll g-Lo- m (3 (j^JJ^ji 

CjLc.Liu 3 pLo-iuJI ^J^-CLi (I )j-*JI (j-o 3 J-Ju_i (JJJJJJ^ j-O-flJI J X ^h i Lo J.&J v4_uu_fl_i 

.jj-lJI 3 i_Jj-i-i v^uijJsl g-lj*i /iil iJ.Vc. Jjj^.jJJ J-uoIjJI 61jJ Lo£ ( Ja-fl-fl u_i_u^jj 

p .S P ** s 

.(jujjljjlj 5jAjJI (j-o (_^jJ ju^. (JUlO-ujJI jj^ tj-o'JI IJj5j 4.\ lc. (jj_Lij jj*.I ^j-r*. 

^ Lr^—i I jll^fc 3 (JJJLO-ttJI JjJ^. JJiJj V i^ljLJI ^* .) O ~V (jl t (J Lo-iuj 1 ^-~S- i (jO jJLi-lUfl 

j_o (_^1 i4-cLiuJI i_ijLflLc aL~s-\l jn^c 3 Lua-il LjjL_o Jjj*. jjlLj 1 4c.LmJI i_ijLcc. 

i__ i^jLfl . jl J i~vjJl jLl .ffi m*JI Lo-A (jujJ IjjIj Sj-flijJI ^-J^j^ jl .(jjJuJI Jl^ i _)j-*JI 

(j-C. ^hjjJli .-L)J-uu g-J~~iii IJj 5> (J-*-fl-i jj5>j t6jj-~s_o Jjr^- i—ijJlJI (J| jj-UI (jo jj4j Sj-flijJI 
(juLO_uuJI (J x 3 ■_ i 1 u 6jAjJJ 4_ij 0 (j 0 11 4^j^JI 6 J-A . L_uojI Ljj V 1 X J J L*_i 6jAjJ I 

(jujjljjl > Lj^ Lol . J j-JuJ I 3 (JJLo_o gJ~ii.i u_)jJLi i )j_aJI j_o JjJui gJa_i_i J j-Cu 

\ A * ^JsIjj 4ij^iill (Julo-CJI &Lul jaJLLi IjJ ^jlcLI (_^ji-iu-oJJ L_i jLi jlj-o 6jj-^-_oi 

ISsL^-ljJl 4_ijldl 4-i iuJI JdL. L_iji_i 4_j^.jJ 

S 9 3 * 

(j\_^_S . Jj 1 LiC ■_ i^j^C ^ L m JsC. (j_o (_^jj L£ (jU-O-uuJI dj Ln I-ifl) J^ j-o i )jC-1 

4\l1-~i i. 11 4*\5> j_r*. 6jliJ-o (Jjjrfc. 4_ai_ij^-uJI i__i^jLll 4c .jmj Jjiu t j^).i-L^v-s-11 v_jji JjLLiC. jjLa 
(j-o^ (JU^LlJsI 6L~s_i*JI 3 dj-rLLi ^u LlLlA gL o-iuJI -i_i^ 3 (ju-o_aJI u_LfljJJ-S .6jjrs_o Jjr^. 

44_u*jLdl 4_ai_ij*J 1 (^j-umJsl i_i^lj^ idJJ (J| 4_sl_ui| .4i_uOjl ^LI 6J-xJ (jj\uJl (J| 1 _ 

6j Q (j 0 i o Cj Ij I sio LgJ ( (jjTi.i .1 j Lo_S I (jo (jjTi .1 Iju j-O-flJ Ij 4 (Jj 2 k.j j Lo_S I (j_o i u j-S j-O-flJ Ij 

6ij-fl> 1 (j*i<^*i isl uLLj^ (jjjLu*JI 3 L^-il Lojj ja /Ti_> Lo j_<5>j 4^*J1 1 (g \\ 1 j^ Jj^. 

.^ljul 


iJbdl ^ujil JL^ (ro) 

^ * (j^ij'Jl JsC. J-Li (j-^J 44*11 x o 4o*j^. ^Lflujl 4_o_lS (jo JsC*J Jjl^JI j-flij-i jl (jLo-i 

1 (j x o Ij-i-i 4 L Q i J| J l-n_ 11 (jjj sXijj (jl 4 jLo j_o dJj (j-o JsC.1 ^Lfl-ijl (_^lj .^s>i '_ Lll 

(j^ 2 i jjlj Jjj^JI Ja i Lo j-&j 4 4_1jL^_ lI -Lj x is~\ 11 6 jA C.L~s_*i JjLu J| Jj-~s-iJl J 4Js>cLi 
L_o Jil 41 **l\ SiA^j J5d 4 j_ijLJ 1 5ji jjLi 4^t_)j_ll ^t-L_iu JsC. .^jjJI ^Lfljj*Jl JjJ L 

CjLUjjI J| J-ujj jl L^ JiLoj ILij ^Ljj u_i3.! JLLI J-c- ^ 



.Ljudl C- 


£^>11 Jl oUoJI (n) 

£-q jj_Q ^ jl <<n \ \ 4_ul <A 0 II 4_i^jll j_o_s <£jLBJJ 4_5_)jL jl <4_ujL^_ll SuiC-Ltxua ^1_LL1 xuL 
<6j-&jJJ ^LlJI 6 1-~n-I ijiiOj (3 cJj-^-JLiS . ^£_\Lq jl_un_)l ^l 4JSLL. ÇjJ.-n-i SjXjJI ■_ 'Sj\ 

^uLilLJ .y LjLJI 3| 4-1 niJ> 1 (3 ‘\ \C 4x.j^uJL 4 \c. _\ JtH 1 > LJ)5L11 jj_Q 4-lSjil I )jrL5_J 

4 JLL 1 j_Q S_/\ x <«n 4 \ xuj 4_i^j_Ll 1 _ \ 1 <\"\\ \ <4_ixu_ouxJI 4x. jajJL (j^cLkJI ^-X^vjil jl_L*Jl 3 

4X.jn_u umn*SI _lij ^lj j)-LilI 4 _J_q£. j_Q ^ jj*_j j LL"JI tJJJ 3_9 < 1 —j^JL> 4_ujLkJI 4^ jjJI 

j_» 0 ♦ ♦ j)_-s _\\ ^jjil 3j ujL^IIj i_jLijJI 4 _L*j i-ixs j j-iiL .j_»jll L^-Lujj <j-^1 

.^LxJI jX _LsJ)-J Lou 4 -j_1iL5J.11 JL5Ij^I jl_lll 4_5 _)jJs j_o Jsl j^l 

5 ** 

4_j!1j_q ^ \JaJ xoj L'.c-n-> 1 4x. j_ojJ.L Jl 1 j^Ij^JI i_J5 -L-lLj LoLc. \V^ 

CjJJlLuj 1 _i5j . 1 >.ui Li) j-^-j (j-L-s-i ^JJLll 4_5 _)jL ^_uJ1xuj S _1 s~*.j 4 _LLJ^s 

^,-^Jlc. 4 Jjj*. iLo^I 4_uCjiJ1 &J-& ((Y jj*._Lsji)) j ((\ jJ*.J-)ji)) pLun-Q.il Li iSj_q 
.^.\ j N ^-qLc (jui 4 _ixu_q_JlJI 4-C.j_o-n_lL Jl u-j£Ij5L1L 
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••scul jJ (rv) 

lnQ n. jjuli J^Sj 4j*J { Lfl xu-O-j jjj*. 4 _Lq_3lJI jj_U ^jJ .4_Sj_iJI 4-j-uñjl J-C. 4 _ij_Ul_q 4_LoC. j_\I 
j^J tpLucuoJI 3 4-4»L-J)I j-C -Lli-^JI jIj_JI Sll-N 11 (_£j 1 jJI jJI 4 _~S_Iq (JjL i_J jJI 

.pLuñ-0.11 3 4x.j^_u_) 1 x t2\ j-o jLL 4-LLun_Q.il 4_ln-n_ll 4-i-uñjl 


^jJJL^. jjL^ (Y'A) 

j^j_q 3[ 4 i m'i -ksLJI ^ im II 4-L-C. ^'i> j j^_3 .Ll»_l^ 3 4i_\ ju^l jj^-J jl i— jj^-J 
^_tu1 ja ~v*Jl j-C 3-LL-i S m n. 11 j ^JjLl cJjLull 4_lTi<Lll j^j_q 3| 4-ixuj 4 j L C ^l t^j^cjjll 
jj^L (jlJI Jn5-S ^_4s cJjrLuull 4-tiS-ll j^j_Q 3| 4—ixuJ 4 In. x llj .((dljrLmll 4-LI5C-11 j^j-Q» 



4 1 \\ 1 1 j^ j_o . \ \ 4 \ | 4 \ \ ,j 1 -v 1 1 J 1 ~n. a £ \ /*Ti 1 4»ij 1 /ii /r) 1_^_\*^J t /n^ 1 1 4 1 \\. ^C. 4 1 Q \ /n a 

. p / n -s. 11 \ ^j^LkJl 




jj^-j ^sj j-^3 tJ^sLuJl p, txx -s 11 j.-s-\ Jaj3_.uJl CxSj (3 (j-^j*^l ^jl jjllL \ <JLJ1 4 X \ \ L \ 


«jljj-i)) jGLUI 1Jj 5\ • (j<c J *^^3 Ç* 'ns 11 ^ \ lsC ^^cl.~s_q jc^j*^! 1 j^ j_q j.rs-\ ^ 1 11 -s 11 4 L C 

i(m+M)ri = M(ri + ^ 2 ) jl mri = Mr2 j[ JjU iLucLjj l^n.^11 jLjJ>1 j-q 

CL-yyi —jvf 1 **' 1 iCLfyi —jVf = ^cm( 1 "1” yVL j]M) • 4_ JLJ1 6jj »^11 J| 4J_\j.-s.\ j*\ q \ Lo 


.j^Cj^ll j^j_Q Jl^ 4 \ /n*\ p, t n-S 11 4 L c 

4 L » J L1 \-s.l L 0 mi" 4-1 \_ClI 1 1 ^Lll^^L .JLi. ^l Lo_-s-q jL jjjjI Lqjj jj| 

!4.0. \-0_-sJ 1 ^l /nV^ll 4 1-S C J-o J^l 
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